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1.0  SUMMARY 


This  report  presents  the  dynamic  stability  characteristics  of  the  U.  S. 
Army  XV-5A  lift  fan  research  aircraft  based  on  theoretical  and  empirical 
estimates  of  dynamic  stability  derivatives  and  static  aerodynamic  charac¬ 
teristics  derived  from  scale  model  wind  tunnel  tests.  Except  for  a  pres¬ 
entation  of  the  lift  fan  natural  damping  contributions  to  flight  in  the  lift 
fan  mode,  the  report  is  restricted  to  analysis  of  conventional  flight 
characteristics. 

Investigation  shows  that  the  dynamic  stability  characteristics  of  the  air¬ 
craft  are  satisfactory  for  the  research  objectives  within  the  examined 
flight  envelope. 

Aerodynamic  stability  data  are  presented  for  the  entire  structural  flight 
envelope  of  the  aircraft,  (to  Mach  0.  9),  however,  conventional  flight 
dynamic  stability  investigations  have  been  limited  to  Mach  0.  8.  11118  has 
been  selected  as  the  maximum  usable  flight  Mach  number  for  the  aircraft 
in  the  present  configuration.  Small  scale  wind  tunnel  test  results  show 
that  large  reductions  in  control  effectiveness,  and  decreases  in  static  sta¬ 
bility  occur  at  higher  speeds.  Test  results  also  show  a  gradual  deteriora¬ 
tion  in  longitudinal  static  stability  above  Mach  0.  7  at  the  higher  lift  coef¬ 
ficients  corresponding  to  high  normal  load  factors,  due  to  a  loss  in  tail 
effectiveness.  Near  Mach  0. 8  at  the  higher  lift  coefficients,  an  abrupt 
loss  in  static  stability  is  shown,  indicating  a  pitch-up  tendency.  There¬ 
fore,  caution  should  be  exercised  during  initial  flight  testing  above  Mach 
0.  7,  particularly  at  the  higher  altitudes. 

Longitudinal  dynamic  response  to  control  input  may  become  sluggish  at 
high  altitudes,  or  at  low  speeds,  due  to  a  low  natural  frequency  of  the 
short  period  mode.  The  short  period  natural  frequency  at  high  altitude, 
or  low  speed,  does  not  meet  the  requirements  of  the  XV-5A  Flying  Quali¬ 
ties  Specification.  However,  the  short  period  mode  is  well  damped  and 
no  unusual  flight  characteristics  are  anticipated  which  might  affect  the 
utility  of  the  aircraft  for  its  intended  use. 

Freeing  the  controls  reduces  to  a  slight  degree  the  speed-altitude  range, 
wherein  the  short  period  requirements  of  the  Flying  Qualities 


Specification  are  satisfied,  because  of  a  s  all  reduction  in  natural  fre¬ 
quency  and  increase  in  damping  ratio.  In  t.  conventional  flight  landing 
configuration,  the  longitudinal  short  period  raqulrements  of  the  Flying 
Qualities  Specification  are  satisfied  at  all  flight  conditions.  Longitudinal 
static  stability  In  the  landing  configuration  becomes  marginal  at  high 
angles  of  attack.  The  flight  characteristics,  however,  have  been  evalu¬ 
ated,  using  the  XV-5A  flight  simulator  and  are  estimated  to  be  satisfac¬ 
tory,  primarily  due  to  a  high  level  of  pitch  damping. 

The  estimated  characteristics  of  the  conventional  flight,  longitudinal 
phugoid  mode  satisfy  the  damping  requirements  of  the  Flying  Qualities 
Specification  for  all  flight  conditions  investigated  in  both  the  clean  con¬ 
figuration,  and  landing  configuration,  including  the  effects  of  aeroelastic- 
tty  and  free  controls. 

The  dutch  roll  damping  and  roll/slip  ratio  in  the  clean  airplane  configura¬ 
tion  meet  the  requirements  of  the  Flying  Qualities  Specification  at  all 
speeds  less  than  0. 8  Mach  number  below  25,000  feet  altitude.  The  dutch 
roll  oscillation  becomes  more  pronounced  at  altitudes  above  25, 000  feet 
at  speeds  less  than  0.  7  Maoh  number,  but  is  not  expected  to  be  objection¬ 
able  below  35, 000  feet. 

The  dutch  roll  characteristics  in  the  conventional  flight  landing  configura¬ 
tion  meet  the  requirements  of  the  Flying  Qualities  Specification  at  all 
speeds  above  about  120  knots  at  sea  level.  The  dutch  roll  damping  is 
estimated  to  be  only  slightly  less  than  the  requirement  between  05  and 
120  knots. 

The  characteristics  of  the  conventional  flight  spiral  mode  are  considered 
satisfactory  for  all  flight  conditions  Investigated. 

Pitch-yaw  aerodynamic  coupling  is  calculated  to  produce  excessive  verti¬ 
cal  and  lateral  load,  factors  during  rapid,  360  degree  rolling  maneuvers 
developed  at  speeds  above  Mach  0. 6,  with  more  than  one-half  of  full 
lateral  control  displacement  and  rudder  and  elevator  fixed.  The  effects 
of  pitch-yaw  coupling  at  speeds  below  Mach  0. 6  have  not  been  determined 
at  the  present  time. 

Procedures  for  estimating  the  contributions  of  the  wing  fans  to  vertical 
lift  damping,  roll  and  yaw  damping,  and  the  contributions  of  the  nose  fan 
to  pitch  damping,  are  illustrated  and  checked  with  theory,  wherever 
possible.  These  results  indicate  that  the  fan  contributions  are  small, 
even  at  low  speeds,  compared  with  the  damping  attributed  to  the  normal 
aircraft  surfaces. 
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INTRODUCTION 


This  report  presents  an  estimate  of  the  dynamic  stability  characteristics 
of  the  U.S.  Army  XV-5A  Lift  Fan  Research  Aircraft.  The  XV-5A  was 
designed  and  built  by  the  Ryan  Aeronautical  Company  for  flight  evaluation 
of  the  General  Electric  X353-5  Lift  Fan  Propulsion  System.  It  is  a 
V/STOL  aircraft  capable  of  conventional  operation  at  high  subsonic 
speeds. 


The  conventional  flight  configuration  airframe  and  control  surface  dyna¬ 
mic  stability  derivatives  were  derived  by  theoretical  and  empirical 
methods,  and  are  presented  herein  with  the  source  references  from 
which  these  methods  were  obtained.  The  effects  of  aeroelasticity  on  the 
stability  derivatives  are  presented  for  several  selected  flight  conditions 
representative  of  the  areas  of  greatest  aeroelastic  effects. 

The  longitudinal  and  lateral -directional  dynamic  response  characteristics 
of  the  aircraft  were  derived  for  trimmed,  level  flight  conditions,  for 
small  perturbations.  The  effects  of  aeroelasticity  and  free  controls  on 
the  dynamic  stability  characteristics  of  the  conventional  flight  configura¬ 
tion  are  presented  along  with  estimates  for  the  rigid  airframe. 

The  fan  damping  characteristics  in  the  lift  fan  flight  mode  are  also  in¬ 
cluded  herein,  and  were  obtained  using  equations  derived  from  application 
of  theory  and  from  wind  tunnel  test  data.  All  Investigations  of  the  air¬ 
craft  dynamic  flight  characteristics  in  the  lift  fan  flight  mode  were  per¬ 
formed  on  the  Ryan  Flight  Simulator.  The  results  of  this  fan  flight  simu¬ 
lation  work  will  be  given  in  subsequent  flying  qualities  and  flight  simula¬ 
tion  reports  now  in  preparation. 
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3.0  CONVENTIONAL  FLIGHT  CHARACTERISTICS 

The  airframe  and  control  surface  dynamic  stability  derivatives  presented 
in  this  section  were  estimated  by  standard  theoretical  and  empirical 
methods  contained  in  reference  literature.  The  methods  employed  in 
evaluating  many  of  the  dynamic  derivatives  required  the  use  of  static 
aerodynamic  data  such  as  wing  lift  curve  slope,  etc.  In  those  cases,  ex¬ 
perimental  data  derived  from  static  wind  tunnel  tests,  presented  in 
Reference  1,  were  used. 

The  rigid  airframe  dynamic  stability  derivatives  have  been  evaluated  for 
the  complete  flight  envelopes  of  the  airplane  in  the  clean  configuration 
(flaps,  gear  retracted)  and  in  the  landing  configuration.  The  effects  of 
elasticity  of  structure  on  the  dynamic  stability  derivatives  are  presented 
for  several  selected  flight  conditions. 

Calculation  of  the  dynamic  response  characteristics  of  the  aircraft  was 
performed  using  small  perturbation  analysis  procedures,  and  the  calcula¬ 
tions  were  made  for  trimmed,  level  flight  conditions.  In  addition,  the 
usual  assumption  was  made  that  the  longitudinal  and  lateral-directional 
modes  are  uncoupled.  Dynamic  stability  investigations  were  accomplished 
with  the  use  of  a  digital  computer  program  which  solved  for  the  roots  of  the 
characteristic  equation  derived  from  longitudinal  and  lateral-directional 
equations  of  motion.  In  either  solution,  three  degrees  of  freedom  were 
involved  with  controls  fixed.  The  equations  of  motion  used  for  the  con¬ 
trols  fixed  case  are  derived  in  Reference  4.  Analysis  of  the  controls 
free  cases  required  additional  equations  to  express  the  control  surface 
motion.  The  complete  equations  of  motion  for  controls  fixed  and  free  are 
presented  in  the  Appendix. 

Dynamic  stability  investigations  have  effectively  covered  the  speed- 
altitude  envelope  of  the  airplane.  A  speed  of  Mach  0.8  was  chosen  as  a 
maximum  for  conventional  flight  studies.  Mach  0.8  was  selected  since 
aerodynamic  characteristics  indicated  that  the  maximum  usable  Mach 
number  for  the  original  configuration  would  not  significantly  exceed  this 
value.  Some  of  the  effects  include: 

a)  Canopy  and  wing  (a  =  0)  critical  Mach  number  of  approximately 
0.  73  resulting  in  reduced  engine  performance  and  possible  aero¬ 
dynamic  buffeting, 
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b)  Reduced  longitudinal  stability  and  possible  pitch-up  above  Mach  0. 8 
at  moderately  low  angles  of  attack  due  to  loss  in  tall  effectiveness, 

c)  Large  reductions  in  lateral-directional  stability  between  Mach  0. 8 
and  0. 9, 

d)  Large  reductions  in  control  effectiveness  for  all  axes  between 
Mach  0.  8  and  0.  9. 


No  flying  qualities  restrictions  are  foreseen  in  demonstrating  the  XV-5A 
maximum  speed  objective  of  450  knots  (Mach  0.66)  at  hot  day,  2, 500  feet 
altitude  condition. 

The  results  of  an  interim  flight  simulation  investigation  of  the  XV-5A  in 
conventional  flight  are  presented  in  Reference  2. 

3. 1  LONGITUDINAL  DYNAMIC  STABILITY  DERIVATIVES 

The  longitudinal  dynamic  stability  derivatives  for  a  rigid  airframe  are 
presented  in  Figures  3. 1  through  3.12  for  the  conventional  flight  config¬ 
uration.  In  general,  the  derivatives  for  the  complete  configuration  were 
determined  by  simple  addition  of  the  individual  contributions  of  the  M-T 
and  the  tail.  Since  the  dynamic  stability  derivatives  are  functions  of  the 
aircraft  static  aerodynamic  and  geometric  characteristics,  the  compres¬ 
sibility  effects  for  the  airplane  in  its  clean  configuration  (6f  =  0°)  were 
determined  by  using  wind  tunnel  test  derived  static  data  at  the  appropri¬ 
ate  Mach  number  from  Reference  1. 


The  M-T  contribution  to  the  pitching  velocity  derivatives  Cj^  and 

was  calculated  by  the  method  presented  in  Reference  3.  However,  the 
equation  presented  in  Reference  3  for  Cm^  was  modified  slightly  in  order 

to  reflect  experimental  values  of  the  M-T  lift  curve  slope,  C  ^  .  This 

was  done  by  replacing  those  terms  which  represent  the  theoretical  lift 
curve  slope  in  Reference  3  by  the  test  based  values  from  Reference  1. 
The  final  modified  equation  thus  used  to  calculate  Cm  for  flaps  up  or 
down  was  as  follows: 
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The  variation  of  axial  force  with  pitching  velocity  was  assumed  to  be 
zero. 

The  vertical  acceleration  derivatives  C ^  and  Cm^  are  primarily  attrib¬ 
uted  to  the  lag  in  change  of  downwash  at  the  horizontal  tail  due  to  the  rate 
of  change  of  wing  angle  of  attack.  Since  there  is  no  known  reliable  method 
to  predict  the  M-T  contribution  to  these  derivatives,  only  the  downwash 
lag  effect  was  considered. 

The  variation  of  axial  force  with  vertical  acceleration  was  assumed  to  be 
zero. 


The  contribution  of  the  horizontal  tail  to  the  longitudinal  dynamic  deriva¬ 
tives,  which  is  discussed  in  detail  in  Reference  4,  was  calculated  from 
the  following  equations: 
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The  low  speed,  flaps  down  derivatives  for  the  complete  model  are  shown 
as  a  function  of  angle  of  attack  up  to  the  stall.  Ordinarily,  these  deriva¬ 
tives  do  not  vary  below  the  stall  angle  of  attack  for  an  aircraft  with  linear 
static  aerodynamic  characteristics.  The  variation  with  a  that  is  shown 
arises  from  the  nonlinear  variation  of  horizontal  tail  dynamic  pressure 
ratio  (r?t)  with  a,  nonlinearities  in  C^and  Cm<^of  the  M-T,  highly  non¬ 
linear  variation  of  downwash  with  angle  of  attack  and  variation  of  the 
horizontal  tail  moment  arm  with  a  due  to  its  high  location.  The  methods 
available  from  reference  literature  for  evaluating  the  M-T  dynamic 
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derivatives  are  generally  limited  to  angles  of  attack  well  within  the  linear 
lift  range.  The  data  presented  herein  for  angles  of  attack  above  12°  to 
13°  are  therefore  questionable  and  are  presented  only  to  indicate  a  prob¬ 
able  trend. 

The  flaps  up,  clean  airplane  derivatives  are  presented  as  functions  of 
Mach  number  and  independent  of  angle  of  attack.  This  is  possible  be¬ 
cause  the  clean  airplane  static  characteristics  do  not  exhibit  the  rather 
large  nonlinearities  in  r^,  downwash,  etc. ,  as  is  the  case  when  the  flaps 
are  down.  However,  as  is  true  for  the  flaps  down  configuration,  the 
clean  airplane  dynamic  derivatives  are  not  valid  at  high  angles  of  attack 
approaching  the  stall. 

The  remaining  airframe  dynamic  derivatives  are  those  which  are  velocity 
dependent,  and  the  drag  terms.  These  derivatives  were  not  calculated 
explicitly  since  they  were  computed  for  a  given  trim  flight  condition  by 
digital  computer  which  was  used  to  solve  the  equations  of  motion.  The 
computer  program  is  discussed  elsewhere  in  this  section.  Neglecting 
the  drag  due  to  elevator  deflection,  the  remaining  complete  model  deriv¬ 
atives  were  computer  calculated  from  the  following  equations: 


CM 
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As  shown  by  the  above  equations,  the  velocity  dependent  derivatives 
arise  from  compressibility  effects  and  are  therefore  zero  for  the  flaps 
down  configuration.  The  values  of  the  above  derivatives  calculated  by  the 
digital  computer  program  in  the  course  of  dynamic  stability  investigations 
are  presented  in  Figures  3.9  through  3. 11. 

The  conventional  turbojet  thrust  characteristics  are  presented  in  Refer¬ 
ence  5.  For  purposes  of  dynamic  stability  analysis,  the  thrust  deriva¬ 
tive,  8T/du,  was  taken  as  the  slope  of  installed  net  thrust  versus  free- 
stream  velocity  at  100%  turbojet  rpm.  The  data  used  are  presented  in 
Figure  3. 12. 

The  effects  on  the  stability  derivatives  of  elastic  deformation  of  the  air¬ 
frame  due  to  aerodynamic  loads  were  derived  during  the  airframe  loads 
analysis  summary  in  Reference  10  and  only  pertinent  results  are  pre¬ 
sented  in  this  report. 

The  effect  of  aeroelasticity  is  expressed  in  terms  of  the  ratio  of  the 
elastic  airframe  derivative  to  the  rigid  airframe  value  as  illustrated  by 
the  following  example: 


■ 
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elastic/rigid  ratio  = 


The  asterisk  denotes  the  elasticized  value. 

The  elastic /rigid  ratios,  or  more  simply  the  elastic  ratios,  were  ob¬ 
tained  from  Reference  10  for  Mach  numbers  of  0.  3,  0.  6  and  0. 8  at  both 
sea  level  and  20,  000  foot  standard  day  altitudes.  Due  to  the  high  dynamic 
pressures  represented,  these  Include  the  most  severe  conditions  to  be 
encountered  from  the  standpoint  of  aeroelastic  effects.  The  M-T  elastic 
ratios  were  based  on  an  elastic  wing  and  rigid  body  while  the  empennage 
elastic  ratios  were  based  on  an  elastic  empennage  and  elastic  body.  The 
elastic  ratios  used  in  this  report  are  presented  in  Tables  3. 1  and  3. 2. 

The  following  expressions  illustrate  the  use  of  the  elastic  ratios  to  cal¬ 
culate  the  elastic  airframe  derivatives: 
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The  elasticized  longitudinal  dynamic  derivatives  were  determined  by  the 
same  methods  as  the  rigid  airframe  derivatives,  but  used  the  elastic 
static  aerodynamic  terms  as  obtained  from  the  above  expressions.  The 
variation  of  airplane  drag  with  lift  and  Mach  number  was  assumed  to  be 
unaffected  by  aeroelastic  considerations. 

The  elastic  airframe  static  and  dynamic  stability  derivatives  were  evalu¬ 
ated  for  Mach  numbers  of  0.  6  and  0. 8  at  sea  level  and  20,  000  feet  alti¬ 
tudes.  Flight  conditions  at  lower  dynamic  pressures  than  these  condi¬ 
tions  will  not  be  greatly  affected  by  aeroelastic  considerations.  The 
values  of  the  hand  calculated  derivatives  and  the  velocity  dependent  de¬ 
rivatives  calculated  by  the  digital  computer  dynamic  stability  program 
are  presented  in  Table  3. 3,  for  the  most  aft  eg  at  F.  S.  246.  0. 


The  greatest  effect  of  aeroelasticity  on  the  complete  model  derivatives  is 
the  reduction  in  the  static  stability  margin  dCm/dCL.  This  reduction  is 
due  to  the  large  reduction  in  horizontal  tail  effectiveness  since  the  M-T 
derivatives  are  not  affected  significantly  by  aeroelastic  effects  as  evi¬ 
denced  by  the  elastic  ratios  in  Table  3.3.  At  a  nominal  flight  condition 
(Mach  0. 8  at  20,  000  feet)  the  static  margin  is  reduced  from  about  -0. 06 
to  -0.035  for  the  most  aft  eg  (F.S.  246.  0).  The  static  margin  at  the  most 
forward  eg  location  (F.S.  240. 0)  will  then  be  about  -0. 085  including  aero¬ 
elastic  effects.  This  total  range  of  static  margin  is  considered  good  for 
normal  flight  conditions  from  the  standpoint  of  frequency  of  the  longitudi¬ 
nal,  short  period  mode  and  gradient  of  stick  force  vs.  normal  load  factor. 
At  the  most  severe  flight  condition,  (Mach  0.8  at  sea  level),  the  static 
margin  at  the  most  aft  eg  remains  stable,  but  is  reduced  from  about 
-0. 06  to  -0.  01  due  to  aeroelastic  effects.  This  is  an  extreme  flight  condi¬ 
tion  for  the  XV-5A  and  one  not  likely  to  be  encountered,  because  it  is  in 
excess  of  the  level  flight  speed  capability  at  sea  level. 


The  second  most  significant  effect  of  aeroelastic  considerations  on  the 
longitudinal  stability  derivatives  is  on  pitch  damping.  The  derivatives 
Cmq  anc*  Cm-  are  both  reduced  approximately  25%  at  the  condition  of 


Mach  0.  8  at  sea  level  and  about  13%  at  the  nominal  condition  of  Mach  0. 8 
at  20, 000  feet.  Inasmuch  as  the  rigid  airframe  pitch  damping  is  quite 
high,  this  reduction  should  not  result  in  any  serious  deterioration  in 
longitudinal  stability. 
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3.2 


LATERAL-DIRECTIONAL  DYNAMIC  STABILITY 
DERIVATIVES 


The  rigid  airframe  lateral -directional  dynamic  stability  derivatives  are 
presented  in  Figures  3.13  through  3.  28  for  the  conventional  flight  con¬ 
figuration.  These  derivatives  were  estimated  by  standard  theoretical 
and  empirical  methods  from  various  references.  Experimental  static 
aerodynamic  data  from  Reference  1  were  used,  where  applicable,  in  the 
calculation  of  the  dynamic  derivatives. 

The  M-T  contributions  to  the  yawing  velocity  derivatives  Cq^  and  Cj ^ 

were  estimated  from  Reference  6  for  both  the  flaps  up  and  flaps  down 

configurations.  Compressibility  effects  on  C;  were  estimated  from 

r 

Reference  6  and  from  References  6  and  7  for  Cn  .  The  M-T  contribution 

“r 

to  Cy^  was  estimated  from  the  potential  flow  equation  presented  in  Refer¬ 
ence  3.  Cy^  was  determined  to  be  negligible  for  small  lift  coefficients 

and  the  method  is  not  valid  for  large  lift  coefficients.  In  addition,  no 
information  was  available  to  predict  compressibility  effects  on  Cy^  of  the 

M-T.  Therefore,  the  M-T  contribution  was  neglected. 

The  M-T  contribution  to  the  rolling  velocity  derivatives  Cv  and  C*  was 

Jp  xp 

estimated  from  Reference  6,  including  compressibility  effects.  The  de¬ 
rivative  CDp  was  estimated  by  the  empirical  method  presented  in  Refer¬ 
ence  8  for  the  low  speed  range.  The  ’’tip  suction"  effect  discussed  in 
Reference  8  was  neglected,  as  recommended  by  that  report.  The  method 
appeared  to  correlate  quite  well  with  dynamic  test  data  shown  in  Refer¬ 
ence  8,  and  permits  a  reasonable  means  of  estimating  Cn^  up  to  high 

angles  of  attack.  The  method  is  based  primarily  on  the  use  of  experi¬ 
mental  lift  and  drag  characteristics  which  were  available  in  this  case. 

The  only  significant  contribution  of  the  horizontal  tail  to  the  lateral - 
directional  dynamic  derivatives  is  to  the  damping  in  roll,  Cj^.  This 

contribution  was  estimated  in  the  same  manner  as  the  M-T  contribution 
assuming  an  average  =  0.  90.  The  horizontal  tail  term  contributes 
approximately  3%  of  the  complete  model  roll  damping. 


The  contribution  of  the  vertical  tail  to  the  lateral-directional  dynamic 
derivatives  was  estimated  from  the  following  empirical  relationships 
from  Reference  12: 
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The  vertical  tail  static  derivatives  used  in  the  above  equations  were  ob¬ 
tained  from  Reference  1  and  were  based  on  XV-5A  scale  model  wind 
tunnel  tests.  The  vertical  tail  sidewash  due  to  rolling  velocity  was  esti¬ 
mated  from  Reference  7  for  flaps  up  and  flaps  down  and  is  shown  in 
Figure  3.  25  herein.  Since  no  compressibility  effects  on  that  term  could 
be  determined,  the  values  shown  in  Figure  3.  25  for  flaps  0°  were  applied 
throughout  the  Mach  number  range. 


I'  'ft 


The  sidewash  due  to  yawing  velocity  was  omitted  from  the  vertical  tail 
yawing  derivatives  because  virtually  no  information  on  this  term  was 
available  in  reference  literature. 


The  effect  on  the  lateral-directional  derivatives  of  elasticity  of  structure 
was  applied  in  much  the  same  manner  as  for  the  longitudinal  case  dis¬ 
cussed  in  Section  3. 1.  The  elastic/rigid  ratios  were  obtained  from  Ref¬ 
erence  10  and  are  shown  in  Tables  3. 1  and  3.  2  herein.  The  only  elasti- 
cized  M-T  contribution  available  was  the  damping  in  roll,  and  there¬ 
fore  all  other  M-T  contributions  to  the  lateral -directional  derivatives 
were  assumed  independent  of  aeroelastic  effects. 


The  following  expression  illustrates  the  method  of  calculating  the  elastic 
derivatives  from  the  rigid  airframe  derivatives  and  elastic  ratios. 
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Where  the  term  above  in  brackets  is  the  elastic  ratio  shown  in  Tables 
3. 1  and  3.  2. 

Based  on  the  equations  presented  previously,  which  were  used  to  calcu¬ 
late  the  contribution  of  the  vertical  tail  to  the  rigid  airframe  derivatives, 

the  elasticized  vertical  tail  contributions  to  the  derivatives  Cy  ,  Cn  , 

yp 

Cfp,  Cy^,  Cn^,  Cf  ^  and  were  obtained  by  multiplying  the  rigid  air¬ 
frame  vertical  tail  contribution  by  the  vertical  tail  elastic  ratio  *C  /Cy 

yp  yp 

from  Table  3.  2.  The  vertical  tail  contribution  to  *CV  and  *Cn  were 

yP  nP 

obtained  from  their  respective  elastic  ratios  shown  in  Table  3. 2  which 
are  slightly  different  than  the  Cy^  ratio.  The  elastic  aileron  and  rudder 

effectiveness  were  calculated  from  the  following  expressions. 
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Elastic  effects  on  the  sideforce  and  yawing  moment  due  to  aileron  deflec¬ 
tion  were  not  considered.  The  complete  model  elastic  lateral-directional 
derivatives  were  evaluated  for  Mach  0.6  and  0.8  at  both  sea  level  and 
20,000  feet,  standard  day  altitudes.  The  derivatives  are  presented  in 
Table  3. 4  and  are  based  on  the  angle  of  attack  for  trimmed  level  flight 
at  the  design  gross  weight  of  9200  pounds. 


The  most  significant  effect  of  aeroelasticity  on  the  lateral-directional 
derivatives  is  on  the  directional  stability  (Cn^)  and  yaw  damping  (Cn^). 


The  other  derivatives  are  affected  to  some  degree,  but  where  there  is  a 
significant  percentage  change,  the  magnitude  of  the  derivative  was  so 
small  that  the  change  was  not  very  important.  For  the  most  severe 
flight  condition  (Mach  0.8  at  sea  level)  the  complete  model  Cn^  was  re¬ 


duced  about  35%  and  Cnr  about  14%.  At  a  more  reasonable  flight  condi¬ 
tion  at  20,  000  feet  and  Mach  0.  8,  the  respective  reduction  in  Cn  and 

Cn  was  25%  and  11%. 
nr 


Although  the  reduction  in  directional  stability  and  yaw  damping  due  to 
aeroelastic  effects  appears  to  be  quite  significant  in  itself,  it  is  shown 
in  Section  3.4.2  that  the  effect  on  the  over-all  lateral -directional  dynamic 
stability  is  small. 


From  a  controls  standpoint,  rudder  effectiveness  Cn  was  reduced  by 


18%;  and  the  aileron  effectiveness  C«  by  27%  at  the  worst  aeroelastic 

6a 
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condition.  The  estimated  reduction  in  aileron  effectiveness  was  allowed 
for  in  the  design  of  the  lateral  control  system  so  as  to  meet  the  high 
speed  roll  performance  requirements.  Normally,  the  requirements 
placed  on  the  rudder  at  high  speed  are  small. 

3.3  CONTROL  SURFACE  DYNAMIC  DERIVATIVES 


The  control  surface  dynamic  hinge  moment  derivatives  were  estimated 
as  a  prerequisite  to  investigation  of  control  free  stability.  The  equations 
used  to  calculate  the  derivatives  for  the  elevator,  rudder  and  aileron  tab 
were  derived  from  theoretical  considerations,  with  the  exception  of  the 
control  surface  rate  derivatives  which  were  estimated  from  Reference  9. 

Derivatives  are  presented  for  the  aileron  tab  rather  than  the  aileron  itself 
because  only  the  tab  is  directly  subject  to  external  disturbances  as  the 
aileron  itself  is  hydraulic  powered  and  can  only  be  disturbed  through  the 
aileron  tab. 


The  following  equations  were  used  to  calculate  the  elevator  derivatives 
where  the  static  aerodynamic  terms  were  obtained  from  Reference  1. 
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=  This  term  arises  from  elevator  mass  unbalance  about 
e.  the  hinge  line.  Since  the  XV-5A  elevator  is  mass 
**  balanced  this  derivative  is  zero. 
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The  constants  Ki  and  K2  in  the  equation  for  the  elevator  damping  deriva¬ 
tive  Cu  are  presented  in  Reference  9  as  a  function  of  the  chordwise 

hinge  position.  The  values  of  these  constants  for  the  XV-5A  are: 

K  =  1.06 

K  =  0.  06 

The  rudder  dynamic  derivatives  are  analogous  to  the  elevator  derivatives, 
and  were  calculated  from  the  following  equations: 
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These  derivatives  arise  from  rudder  mass  unbalance 
’  about  the  hinge  line  which  does  not  exist  on  the 
XV-5A.  Therefore  these  terms  are  zero. 
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The  rudder  damping  derivative  Cv,  .  is  similar  to  that  for  the  elevator 

and  likewise  the  constants  K3  and  K4  were  obtained  from  Reference  9. 
The  values  of  the  rudder  constants  are: 


K  =  0.75 

o 

K  =  0.05 
4 

All  of  the  rudder  static  aerodynamic  terms  are  presented  in  Reference  1 
with  the  exception  of  da/d(i.  Since  wind  tunnel  data  yields  the  derivative 
C u  and  not  Cu  ,  which  is  desired,  an  estimate  of  the  sidewash  factor 

rP  \ 

v 

was  made  for  the  purpose  of  evaluating  the  rudder  dynamic  derivatives. 
This  was  done  by  obtaining  a  theoretical  estimate  of  the  low  speed  verti¬ 
cal  tail  lift  curve  slope,  ,  including  the  horizontal  tail  end  plate 

av 

effect  from  Reference  7  and  compressibility  effects  from  Reference  6. 
The  vertical  tail  lift  curve  slope  is  shown  in  Figure  3.  26.  Utilizing  the 
following  definitions,  the  sidewash  term  can  be  calculated: 

rv  =  -/3  -ar 
v 


The  sideforce  derivative  was  obtained  from  Reference  1  which  was  based 
on  wind  tunnel  test  data.  The  estimated  values  of  do/dp  are  shown  in 
Figures  3.  27  and  3.  28,  and  are  rather  small  for  the  flight  conditions  for 
which  rudder  free  stability  was  investigated  (M  =  0.  6  and  0.8). 


The  aileron  tab  derivatives  with  respect  to  the  tab  hinge  line  were  cal¬ 
culated  from  the  following  derived  equations: 
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These  derivatives  arise  from  mass  unbalance  about 
the  tab  hinge  line  which  is  zero  for  the  XV-5A. 
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The  static  derivatives,  and  ,  were  obtained  from  Reference  1 
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and  Ck  was  estimated  by  the  theoretical  methods  presented  in  Refer- 

ences  16  and  17.  The  estimated  value  of  was  +0.0344  per  radian 

ta 

and  was  assumed  invariant  with  Mach  number. 


The  equation  for  the  tab  damping  derivative, 
Reference  9  which  gives  the  following  values 


Cfo  was  obtained  from 


't 


for  the  constants  K  and  K„: 

5  6 


K  =  0.21 

5 


K  =  0.  02 

6 

Compressibility  effects  on  the  dynamic  hinge  moment  derivatives  of  all 
the  control  surfaces  were  accounted  for  by  using  the  static  aerodynamic 
terms  from  Reference  1  at  the  appropriate  Mach  number. 
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The  investigation  of  control  free  stability  has  been  limited  to  two  Mach 
numbers,  and  the  control  surface  dynamic  derivatives  have  been  evalu¬ 
ated  only  for  those  Mach  numbers.  The  values  for  the  rudder,  elevator 
and  aileron  tab  are  presented  in  Table  3.5. 

Aeroelastic  effects  on  control  surface  hinge  moments  have  not  been  esti¬ 
mated,  and  therefore,  all  of  the  dynamic  hinge  moment  data  presented  in 
this  report  are  based  on  a  completely  rigid  control  system. 

3.  4  DYNAMIC  STABILITY  INVESTIGATIONS 

Investigations  of  the  dynamic  stability  Characteristics  of  the  XV-5A  con¬ 
ventional  flight  configuration  were  conducted  so  as  to  effectively  span  the 
speed-altitude  envelope  of  the  aircraft,  with  consideration  of  require¬ 
ments  for  investigations  per  the  XV-5A  Flying  Qualities  Specification. 
Analysis  of  the  flaps  down  landing  configuration  covered  the  speed  range 
from  1. 15  Vs  to  the  flaps  down  limit  speed  of  180  knots  at  sea  level.  In¬ 
vestigation  of  the  dynamic  stability  of  the  clean  airplane  configuration 
spanned  the  speed  range  from  1.15  Vs  (flaps  up)  to  Mach  0.8  at  sea  level, 
20,000  feet  and  40,  000  feet.  All  oi  the  results  presented  in  this  report 
were  based  on  the  design  gross  weight  of  9200  pounds,  most  aft  eg  at 
F.S.  246.0  and  the  ARDC  standard  day  atmosphere,  the  dynamic  stabil¬ 
ity  derivatives  and  aerodynamic  data  which  were  used  are  those  contained 
in  this  report  and  in  Reference  1.  Miscellaneous  constants  such  as 
moments  of  inertia  are  given  in  Table  3.6. 

The  effect  of  aeroelasticity  and  free  controls  on  dynamic  stability  was 
investigated  for  the  clean  airplane  configuration  at  Mach  numbers  of  0.6 
and  0.8  at  both  sea  level  and  20,000  feet. 

The  results  of  dynamic  stability  investigations  presented  in  this  report 
were  based  on  uncoupled  longitudinal  and  lateral-directional  modes. 
However,  wind  tunnel  test  data  as  reported  in  Reference  1,  indicates 
some  pitch-yaw  coupling  in  the  form  of  a  negative  pitching  moment  due  to 
sideslip.  Unpublished  results  of  a  five  degree  of  freedom  investigation 
of  the  effect  of  the  pitch-yaw  coupling  at  Mach  0.6  indicate  that  both  the 
vertical  and  lateral  limit  load  factors  may  be  exceeded  in  rapid,  360 
degree  rolling  maneuvers  at  high  speed  with  the  elevator  and  rudder  fixed. 
The  load  factors  developed  in  rolling  maneuvers  with  not  more  than  one 
half  of  full  aileron  throw  are  estimated  to  be  small. 

Solution  of  the  longitudinal  and  lateral  -directional  equations  of  motion 
was  performed  by  digital  computer.  The  controls  fixed  equations  of 
motion  developed  in  Reference  1  have  been  expanded  to  include  the  effects 
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of  free  controls.  The  complete  equations  of  motion  solved  by  the  com¬ 
puter  are  presented  and  briefly  discussed  in  the  Appendix  to  this  report. 

The  computer  program  is  written  to  extract  the  roots  of  the  characteris¬ 
tic  equation  developed  from  the  equations  of  motion  and  in  addition  to 
calculate  the  frequency,  damping  ratio,  time  to  damp  to  half  amplitude 
and  the  inverse  of  the  cycles  to  damp  to  half  amplitude  for  any  oscillatory 
modes  which  exist.  The  roll/slip  ratio,  ^/vc,  is  also  calculated  for  the 
dutch  roll  oscillation.  The  computer  results  of  all  the  cases  investigated 
are  presented  in  Tables  3. 7  through  3.13. 

3.4.1  Longitudinal  Investigations 

The  longitudinal  dynamic  characteristics  for  the  flaps  down  landing  con¬ 
figuration  are  presented  graphically  in  Figures  3.  29  and  3.30  for  the 
short  period  and  phugoid  modes  respectively.  The  characteristics  are 
presented  in  terms  of  the  period  and  damping  ratio  of  the  oscillation  in 
comparison  with  the  requirements  of  the  XV-5A  Flying  Qualities  Specifi¬ 
cation,  Reference  11. 

The  highest  speed  points  in  both  Figures  3.  29  and  3.  30  show  a  consistent 
trend  with  decreasing  velocity.  The  short  period  damping  ratio  and 
period  both  increase  and  the  frequency  decreases  as  speed  decreases, 
while  exactly  the  opposite  is  true  for  the  phugoid  or  long  period  oscilla¬ 
tion.  Note  in  Figure  3.  29  that  no  data  are  presented  for  the  short  period 
mode  at  the  lowest  flaps  down  speed  point  investigated  (94.  6  knots).  The 
computer  results  obtained  for  the  low  speed  point  showed  that  one  of  the 
two  usual  longitudinal  oscillatory  modes  had  become  aperiodic  and  con¬ 
vergent  as  evidenced  by  two  negative  real  roots  of  the  characteristic 
equation.  The  period  of  the  oscillatory  mode  was  39.5  seconds  which 
was  much  too  long  to  classify  it  as  the  conventional  "short  period"  mode. 
The  appearance  of  the  aperiodic  modes  is,  in  all  probability,  due  to  the 
fact  that  the  static  stability  margin  approaches  zero  at  very  low  speeds 
as  discussed  in  Reference  1.  Since  the  frequency  of  the  usual  short  per¬ 
iod  mode  is  heavily  dependent  on  the  static  stability  and  decreases  with 
decreasing  stability,  one  would  tend  to  believe  that  the  usual  short  period 
oscillation  was  the  one  which  became  aperiodic. 

The  aperiodic  modes  are  well  damped  with  the  times  to  damp  to  half  am¬ 
plitude  being  about  0.5  and  0.  9  second.  The  short  times  to  damp  are 
probably  due  to  the  high  level  of  pitch  rate  damping  Cm  .  The  very  low 

speed  range  with  zero  static  stability  margin  was  investigated  on  the 
Ryan  Flight  Simulator  and  with  the  high  level  of  pitch  damping  the  flying 
qualities  were  found  to  be  satisfactory,  (Reference  2). 
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The  longitudinal  dynamic  stability  of  the  XV-SA  in  the  landing  configura¬ 
tion  meets  the  requirements  of  the  Flying  Qualities  Specification  for  all 
ilight  conditions  investigated. 


High  speed,  scale  model  wind  tunnel  tests  of  the  clean  airplane  configura¬ 
tion  have  shown  tliat  at  the  higher  Maeli  numbers,  the  static  longitudinal 
stability  decreases  with  increase  in  angle  of  attack.  Figure  3.31,  ex¬ 
cerpted  from  Reference  1,  shows  the  definable  boundary  for  zero  static 
longitudinal  stability  as  a  iunction  of  Mach  number  and  complete  model 
lift  coefficient.  Although  the  available  data  shows  a  gradual  deteriora¬ 
tion  of  static  stability  with  increasing  angle  of  attack,  extreme  caution 
should  be  exercised  during  flight  test  investigations  when  approaching  the 
boundaries  of  die  questionable  high  speed  ar  ea.  It  is  not  likely  that  the 
higher  speed  boundary  will  be  encountered  in  level  flight,  but  will  be  in 
pull-up  maneuver  s  or  in  dive  recovery.  The  lower'  par  t  of  the  question¬ 
able  area  will  be  encountered  in  level  flight  at  altitudes  at  and  above 
about  20,000  feet.  The  dynamic  stability  investigations  in  this  report 
were  based  on  linearized  derivatives  consistent  with  the  assumption  of 
small  perturbations.  The  static  stability  values  used  are  based  on  a 
value  near  the  level  Ilight  lift  coefficient. 


The  characteristics  of  the  longitudinal  short  period  mode  for  the  clean 
airplane  configuration  are  presented  in  Figure  3.  32  for  the  rigid  air¬ 
frame  with  fixed  controls.  The  short  period  characteristics  are  shown 
in  terms  of  the  natural  frequency  and  damping  ratio  in  comparison  with 
the  requirements  of  the  XV- 3 A  Flying  Qualities  Specification,  (Reference 
1J).  The  characteristics  of  the  XV-3A  satisfy  the  requirements  of  Refer¬ 
ence  11  for  all  conditions  investigated,  except  at  low  speeds  or  altitudes 
above  approximately  30,  (Hit)  feet. 


The;  low  frequencies  calculated  for  the  low  speed  and  the  high  altitude 
data  points  indicate  that  the  response  oi  the  aircraft,  at  those  flight  condi¬ 
tions,  will  be  rather  slow  or  sluggish  in  longitudinal  maneuvers.  At 
more  forward  eg  locations  than  that  presented,  the  short  period  natural 
frequency  increases,  while  the  damping  ratio  decreases  slightly  which 
would  improve  the'  response  characteristics  for  the  low  speed  and/or 
high  altitude  cases.  Although  not  specifically  investigated,  for  the  case 
of  high  speed  flight  at  low  altitude,  the*  most  forward  eg  location  will 
probably  cause  these  points  to  be  outside  the  boundary  on  the  high  fre¬ 
quency  side.  This  would  give  a  sensitive  and  highly  responsive  aircraft 
which,  depending  on  the'  actual  magnitude  of  the  frequency  and  damping 
ratio,  would  be  susceptible  to  pilot  induced  oscillations.  These  high 
dynamic  pressure  characteristics  are,  however,  greatly  influenced  by 
aeroelastic  considerations,  which  will  be  discussed  next.  The  rigid 
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airframe  characteristics  presented  in  Figure  3.  32  for  free  stream  dy¬ 
namic  pressures  less  than  that  at  about  25,000  feet  and  Mach  0. 5  will  be 
only  slightly  affected  by  aeroelastic  considerations. 

The  effect  of  aeroelasticity  on  the  short  period  characteristics  of  the 
clean  airplane  are  shown  in  Figure  3.33  for  several  flight  conditions 
which  are  representative  of  the  most  severe  aeroelastic  conditions. 

Aeroelastic  considerations  do  not  result  in  any  unsatisfactory  short  peri¬ 
od  characteristics  for  any  of  the  cases  investigated.  In  light  of  the  pre¬ 
vious  comments  on  more  forward  eg  locations,  the  reduction  in  natural 
frequency  and  increase  in  damping  ratio  due  to  aeroelastic  effects  are 
actually  favorable,  because  they  will  tend  to  bring  the  short  period  char¬ 
acteristics  for  more  forward  eg  locations  toward  the  center  of  the  satis¬ 
factory  boundary. 

The  large  aeroelastic  effects  at  Mach  0.  8  at  sea  level  tend  to  bring  the 
short  period  damping  ratio  very  close  to  the  critical  value  of  1. 0,  with  a 
correspondingly  large  reduction  in  frequency.  This  is  probably  due  to 
the  large  reduction  in  static  stability  margin  which  was  shown  in  Section 
3.1  to  be  the  major  effect  of  aeroelasticity  on  the  stability  derivatives. 

A  further  reduction  in  static  margin  would  cause  the  short  period  to  be 
over-damped  and  hence  become  aperiodic.  The  same  sort  of  situation 
existed  for  the  flaps  down,  short  period  characteristics,  where  the  re¬ 
duction  in  static  margin  was  due  to  nonlinear  increasing  downwash  at 
high  angles  of  attack. 

The  solution  of  the  elevator  free  characteristic  equation  of  motion  yields 
an  additional  pair  of  complex  roots  which  represent  the  elevator  oscilla¬ 
tory  motion.  These  roots  are  easily  distinguished  from  the  airframe 
roots,  as  they  are  very  much  larger.  The  elevator  frequency  varied 
from  about  12  to  26  cycles  per  second  for  the  flight  conditions  investi¬ 
gated,  and  the  longest  period,  was  about  0.08  seconds.  The  longest  time 
to  damp  to  half  amplitude  was  0.  018  seconds. 

The  effect  of  a  free  elevator  on  the  airframe  short  period  characteristics 
is  shown  in  Figure  3.  33.  The  effects  are  not  very  large,  but  they  do 
cause  the  natural  frequency  at  Mach  0.  6  at  20,  000  feet  to  decrease  very 
slightly  below  the  lower  limit  of  the  satisfactory  boundary  of  Reference 
11.  Note  that  no  datum  point  is  shown  in  Figure  3.  33  for  Mach  0.  8  at 
sea  level.  As  shown  in  Table  3.  9,  the  short  period  mode  became  aperi¬ 
odic  with  the  elevator  free,  as  evidenced  by  the  two  large  real  roots  with 
times  to  damp  to  half  amplitude  of  0.12  and  0. 23  seconds. 


The  characteristics  of  the  conventional  phugoid  mode  for  the  clean  air¬ 
plane  are  shown  in  Figure  3.34  compared  with  the  requirements  of  Ref¬ 
erence  11.  These  data  are  applicable  to  a  rigid  airframe  with  fixed  con¬ 
trols.  There  was  no  unstable  phugoid  oscillation  for  any  of  the  flight 
conditions  investigated.  At  Mach  0.  75  at  all  altitudes,  and  at  Mach  0.8 
at  sea  level,  no  phugoid  oscillation  existed  as  the  mode  was  aperiodic  in 
both  cases.  Of  the  aperiodic  modes,  one  mild  divergence  existed  at 
Mach  0.  75  at  40,000  feet,  wherein  the  time  to  double  the  amplitude  was 
55  seconds.  It  is  not  considered  likely  that  the  mild  divergence  should 
produce  objectionable  flying  qualities. 

The  effects  of  aeroelasticity  and  a  free  elevator  on  the  phugoid  character¬ 
istics  are  presented  in  Figure  3.  35.  No  data  are  shown  for  the  cases  at 
Mach  0.  8  at  sea  level  and  20,  000  feet,  as  the  modes  were  aperiodic  for 
the  elevator  fixed  or  free.  One  divergent,  aperiodic  mode  existed  at  both 
sea  level  and  20,000  feet  and  the  times  to  damp  to  half  amplitude  were 
37.  5  and  21. 0  seconds,  respectively,  for  the  elevator  fixed  and  42.5  and 
20.6  seconds,  respectively,  for  the  elevator  free.  Generally  speaking, 
the  usual  phugoid  mode  often  becomes  aperiodic  in  the  super-critical 
Mach  number  range  due  to  large  variations  in  drag  with  speed  (i.  e. ,  drag 
divergence).  In  the  case  of  the  XV-5A  the  negative  variation  of  thrust 
with  velocity  shown  in  Figure  3. 12  is  such  as  to  magnify  this  effect. 

The  effects  of  aeroelasticity  and  free  elevator  on  the  phugoid  character¬ 
istics  at  Mach  0.6  at  sea  level  and  20,000  feet  shown  in  Figure  3.35  pre¬ 
sent  ?  somewhat  puzzling  picture.  There  is  a  very  large  variation  in 
period  and  damping  ratio  at  sea  level,  while  virtually  no  effect  exists  at 
20,  000  feet.  The  reason  for  the  great  difference  can  only  be  determined 
by  more  detailed  analysis. 

3.4.2  Lateral-Directional  Investigations 

The  characteristics  of  the  lateral -directional  oscillatory  or  dutch  roll 
mode  for  the  flaps  down  landing  configuration  are  presented  in  Figure 
3.  36,  compared  with  the  requirements  of  the  XV-5A  Flying  Qualities 
Specification,  Reference  11.  The  requirements  are  specified  in  terms  of 
the  inverse  cyclic  damping  and  the  roll/slip  ratio.  The  Reference  11  re¬ 
quirements  are  met  at  all  speeds  above  about  120  knots,  and  the  damping 
level  is  only  slightly  less  than  the  satisfactory  boundary  for  speeds  down 
to  1.15  Vs  or  94.  6  knots. 

The  increasing  roll/slip  ratio  as  speed  decreases  is  probably  due  to  the 
rapidly  increasing  dihedral  effect  with  angle  of  attack  or  lift  coefficient. 
This  trend  is  not  an  uncommon  characteristic  of  low  aspect  ratio,  swept 
wings. 


The  effect  of  a  more  forward  eg  location  would  bo  primarily  to  increase 
the  inverse  cyclic  damping  as  a  result  of  greater  directional  stability 
<Cn  )  and  yaw  damping  (Cn).  Therefore,  at  the  most  forward  eg  loca¬ 
tion,  the  dutch  roll  characteristics  will  probably  lie  entirely  within  the 
satisfactory  area  of  Reference  11. 

The  spiral  mode  for  the  Haps  down  configuration  is  always  convergent 
and  the  rolling  mode  is  heavily  damped  which  satisfies  the  requirements 
of  Reference  11 . 

The  dutch  roll  characteristics  for  the  flaps  up  clean  configuration  are 
presented  in  Figure  3.37  for  the  rigid  airframe  with  controls  fixed.  The  re¬ 
quirements  of  Reference  11  are  met  at  all  speeds  for  altitudes  below 
about  25,  000  feet  and  for  speeds  above  approximately  Mach  0.  7  for  the 
higher  altitudes.  The  deterioration  in  dutch  roll  characteristics  at  low 
speed  and  high  altitude  is  probably  due  to  the  increasing  dihedral  effect 
at  the  high  lift  coefficients,  similar  to  the  low  speed,  flaps  down  case. 

The  effects  of  aeroelasticity  and  free  rudder  on  the  clean  airplane  dutch 
roll  are  shown  in  Figure  3.  38  and  the  effect  of  free  aileron  is  shown  in 
Figure  3.  39.  The  effects  are  too  minor  to  merit  much  discussion  as  to 
the  detailed  causes  for  the  small  variations  which  do  occur. 

The  clean  airplane  exhibits  a  mild  spiral  divergence  for  all  speeds  at  and 
above  0.  6  Mach  number  for  either  the  rigid  or  elastic  airframe  and  with 
the  controls  fixed  or  free.  The  minimum  time  for  the  spiral  divergence 
to  double  the  amplitude  in  any  of  the  cases  investigated  was  about  55 
seconds.  Therefore,  the  spiral  divergence  should  introduce  no  unsatis¬ 
factory  flying  qualities.  The  rolling  mode  is  heavily  damped  under  all 
flight  conditions. 
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Figure  3.  2  Rate  of  Change  of  Lift  Coefficient  with  Rate  of 
Change  of  Angle  of  Attack,  CT  ,  vs  Mach 


Figure  3.4  Rate  of  Change  of  Pitching  Moment  Coefficient 
with  Rate  of  Change  of  Angle  of  Attack,  Cm  . 
vs  Mach  No.  aCM 


Figure  3.  9  Rate  of  Change  of  Drag  Coefficient  with  Angle  of 
Attack,  Cn  ,  vb  Angle  of  Attack. 
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Figure  ii.  11  Hate  of  Change  of  Drag  Coefficient  with  Forward 
Velocity  and  Angle  of  Attack,  Cj)  and  Cp 
vb  Angle  of  Attack.  UCM  WC. 
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Figure  3. 16  Rate  of  Change  of  Yawing  Moment  Coefficient  with 
Yawing  Velocity,  Cn  ,  vs  Mach  No. 
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Figure  3.17  Hate  of  Change  of  Rolling  Moment  Coefficient 

with  Yawing  Velocity,  Cf  ,  vs  Angle  of  Attack 
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Figure  3.  23  Hate  of  Change  of  Rolling  Moment  Coefficient  with 
Hulling  Velocity,  C£  ,  vs  Angle  of  Attack. 
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Rate  of  Change  of  Vertical  Tail  Sidewash  Angle 
Sideslip  Angle,  -^7,  vs  Angle  of  Attack. 


B*64B104 


J<V*r*\/F4APS  Dow, 

- L..L././4</r_J  F££t>\ 


damp;*, 


Figure  3.  29  Longitudinal  Dynamic  Stability  -  Short  Period 
Mode.  6  -45°+<5  =15°. 
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Figure  3.31  Estimated  Static  Stability  Limits. 
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Figure  3,32  Longitudinal  Dynamic  Stability  -  Short  Period  Mode 
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Aeroelasticity  and  Free  Elevator  on  Longitudinal  Short  Period  Dynamic  Stability. 


Figure  3.35  Effect  of  Aeroelastieity  and  Free  Controls  on 
Longitudinal  Phugoid  Mode,  <V  0°. 
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Figure  3.39  Effect  of  Aeroelasticity  and  Free  Ailerons  on 

Lateral-Directional  Dynamic  Stability  -  Oscillatory 
Mode.  <5 0° . 


TABLE  3.1 


Elastic  Ratios  Model  Minus  Tail  (Elastic  Wing-Rigid  Body) 
ARDC  Standard  Atmosphere 


Elastic  Ratio 


*aOL^*OL 


*C  /C 

OL  OL 


*CL  /CL 
a  a 


m  m 
a  a 


m  m 
a  a 


*C  /C 
{  1 
P  P 


*c  /c 

t  £ 

6  6 
a  a 


M=0.30 

20,000 

FT. 

M=0.60 

20,000 

FT. 

M=0.80 

20,000 

FT. 

0.993 

0.970 

0.915 

0.990 

0.965 

0.979 

1.001 

1.005 

1.009 

0.998 

0.993 

0.993 

0.999 

0.998 

0.997 

0.999 

0.994 

0.988 

0.982 

0.931 

0.875 

TABLE  3.2 


Elastic  Ratios  Empennage  (Elastic  Empennage- Elastic  Body) 
ARDC  Standard  Atmosphere 


Elastic  Ratio 

M=0.30 

S.L. 

*C  /C 

L  '  L 
a  a 

HT  (VT,  B) 

0.966 

*CL  /CL 

6  6 
e  e 

HT  (VT,  B) 

0.936 

*C  / C 

h  ye 

VT  (HT,  B) 

0.974 

*C  /C 

y  y 

p  p 

VT  (HT,  B) 

0.959 

*c  /c 

n  n 

P  P 

VT  (HT,  B) 

0.960 

*C  /C 

y6  y6 
r  r 

VT  (HT,  B) 

0.954 

*C  /C 

n6  n6 
r  r 

VT  (HT,  B) 

0.961 

*Cfl  /c4 

6  6 
r  r 

VT  (HT,  B) 

0.950 

M=0.30 

20,000 

FT. 

M=0.60 

20,000 

FT. 

M=0. 80 
20,000 
FT. 

0.984 

0.933 

0.864 

0.970 

0.887 

0.806 

0.988 

0.950 

0.935 

0.981 

0.924 

0.894 

0.981 

0.925 

0.907 

0.979 

0.920  ! 

0.898 

0.982 

0.931 

0.911 

0.977 

0.913 

0.891 

NOTE:  HT  (VT,B)  -  horizontal  tail  in  the  presence  of  the  vertical  tail  and  body 
VT  (HT,  B)  -  vertical  tail  in  the  presence  of  the  horizontal  tail  and  body 


TABLE  3.3 

Elastic  Airframe  Longitudinal  Stability  Derivatives 

ARDC  Standard  Atmosphere 
6^0°;  eg  at  F.S.  246.0 


NOTE:  All  values  per  radian  except  as  noted. 


TABLE  3.4 


Elastic  Airframe  Lateral-Directional  Stability  Derivatives 

ARDC  Standard  Atmosphere 
6f=0°,  eg  at  F.S.  246.0 
Trimmed  Level  Flight  at  9200  Pounds 


NOTE:  All  values  per  radian 


M=0.60 

S.L. 

M=0.80 

S.L. 

M=0.60 
20,000  FT. 

M=0. 80 
20,000  FT. 

*c 

yp 

p  CM 

-0.927 

-0.808 

-0.950 

-0.830 

*c 

0. 1345 

0.0573 

0.149 

0.0715 

•% 

PCM 

-0.0423 

0.003 

-0.0475 

-0.002 

*C 

yr 

CM 

0.522 

0.426 

0.650 

0.460 

*C 

n 

rCM 

-0.328 

-0.279 

-0.348 

-0.301 

*ct 

rCM 

0.122 

0.108 

0.128 

0.115 

*c 

PCM 

-0.027 

-0.020 

-0.032 

-0.026 

*C 

n 

PCM 

0.024 

0.021 

0.027 

0.025 

*ct 

PCM 

-0.313 

-0.337 

-0.317 

-0.343 

*c 

y6 

r  1 

0.0895 

0.0550 

0.0985 

0.0620 

*C 

n6 

r 

-0.058 

-0.037 

-0.063 

-0.041 

0.012 

0.007 

0.013 

0.008 

*c. 

^a 

0.0365 

0.0198 

0.040  ! 

0.0236 

64B104 


TABLE  3.5 

Estimated  Control  Surface  Hinge  Moment  Derivatives 


Elevator 

Rudder 

Mach  No. 

0.6 

0.8 

Mach  No. 

0.6 

0.8 

% 

®e 

-0.400 

-0.513 

% 

r«r 

-0.350 

-0.364 

Cbe«e 

-4.617 

-4.648 

6r 

-4.740 

-4.625 

C»e 

a 

-0.0355 

-0.031 

% 

p 

-0.047 

-0.063 

CK. 

-0.857 

-0.777 

0.078 

-0. 104 

a 

P 

% 

eq 

-2.J70 

-1.920 

% 

rr 

1.333 

2.070 

che- 

■eq 

0 

0 

^hr. 

rr 

0 

0 

che 

eu 

&  0 

a  o 

ch 

r 

P 

a  0 

a  0 

^hr  • 
rP 

0 

0 

Aileron  Tab 

Mach  No. 

0.6 

0.8 

Mach  No. 

0.6 

0.8 

% 

-0.320 

-0.298 

% 

0.132 

0. 132 

6t 

fia 

S- 

V 

-4.070 

-4.070 

Cht6a 

0.910 

0.910 

t 

cht 

0.0344 

0.0344 

% 

a  o 

a  o 

a 

Lr 

V 

-0.0048 

-0.0048 

s- 

Lr 

0 

0 

P 

Ch 

0 

0 

c»t 

cp 

-3. 180 

-3. 180 

cht. 

0 

0 

lP 

NOTE:  1)  Rigid  Control  System 
2)  eg  at  F.S.  246.0 


TABLE  3.6 


Miscellaneous  XV-5A  Constants 


4,252  slug-ft2 


Mass  moment  of  inertia  about  the  body 
X  axis  at  9200  lb. 


15, 139  slug-ft 


2 


Mass  moment  of  inertia  about  the  body 
Y  axis  at  9200  lb. 


17,418  slug-ft 


2 


Mass  moment  of  inertia  about  the  body 
Z  axis  at  9200  lb. 


919  slug-ft 


2 


Product  of  inertia  at  9200  lb. 


0.176  slug-ft 


2 


Elevator  mass  moment  of  inertia 
about  the  hinge  line. 


0.260  slug-ft 


2 


Rudder  mass  moment  of  inertia  about 
the  hinge  line. 


2 

0.004  slug-ft 


Aileron  tab  mass  moment  of  inertia 
about  the  tab  hinge  line. 


0 


Moment  arm  of  thrust  axis  about  the 
C.G.  at  F.S.  246.0. 


6.5' 


Thrust  incidence  angle  with  respect  to 
the  body  X  axis. 


-2.0  deg. /deg. 


Aileron  to  aileron  tab  gearing. 
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TABLE  3.7 


» 

Results  of  Longitudinal  Dynamic  Stability  Investigations 

9200  Pounds 
eg  at  F.S.  246.0 
ARDC  Standard  Atmosphere 
Rigid  Airframe 
Controls  Fixed 


M 

Altitude 

-ft. 

Roots  of 

Characteristic 

Equation 

0) 

n 

-rad/sec 

Tl/2 

orT2 

-sec 

P 

-  sec 

0.177 

S.  L. 

-1.120  ±  j  1.111 

1.578 

0.710 

0.619 

5.75 

-0.0107  ± j  0.191 

0.192 

0.056 

64.8 

32.9 

0.40 

S.  L. 

-2.511  ± J  2.407 

3.478 

0.722 

0.276 

2.61 

-0.0103  +  j  0.0821 

0.083 

0. 125 

67.3 

76.5 

0.60 

S.  L. 

-3.762  ± j  3.608 

5.213 

0.722 

0.184 

1.74 

-0.0150  ±  j  0.0531 

0.055 

0.272 

46.0 

118.3 

0.75 

S.  L. 

-4.974  ± j  4.621 

6.790 

0.733 

0. 139 

1.36 

-0. 104 

- 

- 

6.66 

- 

-0.0064 

- 

- 

108.2 

- 

0.80 

S.  L. 

-5.207  ±  j  4.981 

7.206 

0.723 

0. 133 

1.26 

-0.177 

- 

- 

3.91 

- 

-0.0305 

- 

22.7 

- 

0.261 

20,000 

-0.822  ±  j  1. 172 

1.431 

0.574 

0.843 

5.35 

-0.0083  ±  j  0. 153 

0.154 

.  054 

83.7 

41.0 

0.40 

20,000 

-1.244  ±  j  1.765 

2. 159 

0.576 

0.557 

3.56 

-0.0055  ± j  0.0970 

0.098 

.056 

125.0 

64.8 

0.60 

20,000 

-1.865  ±  j  2.652 

3.243 

0.575 

0.372 

2.37 

-0.0065  ±  j  0.0645 

0.065 

0.  100 

106.0 

97.4 

NOTE:  T2  is  indicated  by  a  negative  value. 
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TABLE  3.7  (Continued) 


94.6 


115.0 


150.0 


180.0 


Roots  of 
Characteristic 
Equation 


-2.469  ± J  3.412 

-0.0521 

-0.0032 

-2.583  ±  j  3.683 
-0.0560  ±  J  0.0463 

-0.559  ±  J  1.204 
-0.0064  ±  j  0.108 
-0.808  ±  J  1.761 
-0.0039  ±  j  0.0738 
-1.070  ± j  2.271 
-0.0351 
+0.0125 

-1.114  ±  J  2.452 
-0.0347  ± j  0.0641 


~r ad/sec 


1.327 

0.0109 

1.937 

0.074 

2.510 


2.693 

0.073 


Tl/2 
or  T2 

~  sec 

P 

~  sec 

0.586 

0.281 

1.84 

- 

13.3 

- 

- 

216.5 

- 

0.574 

0.268 

1.70 

0.770 

12.4 

135.7 

0.421 

1.241 

5.22 

0.059 

108.3 

58.2 

0.417 

0.858 

3.56 

0.053 

177.7 

85.2 

0.426 

0.648 

2.76 

1 

19.7 

- 

- 

-55.4 

- 

0.414 

0.622 

2.56 

0.476 

20.0 

98.0 

-0.0474  ±  J  0. 159 

0. 166 

0.285 

14.6 

39.5 

-1.468 

- 

- 

0.472 

- 

-0.755 

- 

- 

0.918 

- 

-1.269  ±  j  1.250 

1.781 

0.713 

0.546 

5.02 

-0.0262  ±  j  0.190 

0.192 

0.136 

26.4 

33.0 

-1.522  ±  J  2.120 

2.610 

0.583 

0.455 

2.96 

-0.0352  ±  j  0.153 

0. 157 

0.224 

19.7 

41.0 

-1.763  ±  j  2.741 

3.259 

0.541 

0.393 

2.29 

-0.0418  ± j  0.126 

0.133 

0.315 

16.6 

49.8 

NOTE:  T2  is  indicated  by  a  negative  value 
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TABLE  3.8 


Results  of  Longitudinal  Dynamic  Stability  Investigations 

9200  Pounds 
eg  at  F.S.  246.0 
ARDC  Standard  Atmosphere 
Elastic  Airframe 
Controls  Fixed 


6f  =  0° 


M 

Altitude 
~  ft. 

Roots  of 
Characteristic 
Equation 

O) 

n 

~rad/sec 

1 

Tl/2 
or  T2 

~  s^c 

P 

~  sec 

0.6 

S.L. 

-3.487  ± j  2.655 

4.323 

0.807 

0.199 

2.46 

-0.0150  ±  J  0.0314 

0.035 

0.431 

46.2 

200.0 

0.8 

S.L. 

-4.406  ± J  0.931 

4.503 

0.978 

0.157 

6.75 

-0.222 

3.12 

+0.0185 

-37.5 

0.6 

20,000 

-1.806  ±  J  2.362 

2.973 

0.607 

0.384 

2.66 

-0.0065  ± j  0.0644 

0.065 

0.100 

106.6 

97.5 

0.8 

20,000 

-2.380  ±  j  2.717 

3.612 

0.659 

0.291 

2.31 

-0,138. 

5.02 

■  ■■■■■  ■ 

+0.0330 

-21.0 

I 

NOTE:  T2  is  indicated  by  a  negative  value. 
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TABLE  3.9 


Results  of  Longitudinal  Dynamic  Stability  Investigations 

9200  Pounds 
eg  at  F.S.  246.0 
ARDC  Standard  Atmosphere 
Elastic  Airframe 
Elevator  Free 


6f  =  0° 


M 

Altitude 

~ft. 

Roots  of 

Characteristic 

Equation 

CO 

n 

~rad/sec 

4 

Tl/2 
or  T2 

~  sec 

P 

~  sec 

0.6 

mm 

-3.372  ±  j  1.822 

3.832 

0.880 

0.206 

3.45 

■I 

-0.0151  ±  j  0.0140 

0.021 

0.734 

45.9 

448.6 

■ 

-77.4  ±  j  100.70 

126.9 

0.610 

0.009 

0.063 

0.8 

m 

-5.669 

0.122 

-2.996 

0.231 

-0.220 

3.150 

+0.0163 

-42.5 

-103.7  ±  j  161.0 

191.0 

0.543 

0.007 

0.039 

0.6 

20,000 

-1.742  ±  j  1.955 

2.619 

0.665 

0.398 

3.21 

-0.0064  ±  0.0625 

0.063 

0.102 

108.3 

100.5 

-38.3  ±  j  77.0 

86.0 

0.446 

0.018 

0.082 

0.8 

20,000 

-2.335  ±  j  2.410 

3.355 

0.696 

0.297 

2.60 

-0.139 

4.99 

+0.0336 

-20.6 

-51.3  ±  j  119.3 

159.0 

0.322 

0.013 

0.053 

NOTE:  T2  is  indicated  by  a  negative  value. 
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TABLE  3.10 


Results  of  Lateral-Directional  Dynamic  Stability  Investigations 

9200  Pounds 
eg  at  F.S.  246.0 
ARDC  Standard  Atmosphere 
Rigid  Airframe 
Controls  Fixed 


6  {  =  0° 


M 

Altitude 
~  ft. 

Roots  of 
Characteristic 
Equation 

U) 

n 

~rad/sec 

i 

Tl/2 

or  T2 
~sec 

P 

~sec 

i/c1/2 

-1/ 

cycles 

4>/ve 

~deg/ 

ft/sec 

0.177 

-0.614  ±  J  2.211 

2.270 

0.227 

1.348 

2.84 

2.108 

0.568 

-1.992 

0.348 

-0.0260 

26.7 

0.40 

1 

-0.789  ±  J  3.963 

4.041 

0.195 

0.878 

1.59 

1.806 

0.176 

-4.566 

0.152 

-0.0078 

88.8 

0.60 

S.  L. 

-1.188  ±  j  6.086 

6.201 

0.192 

0.583 

1.033 

1.770 

0.072 

-7.077 

0.098 

+0.0066 

-105.0 

0.76 

S.  L. 

-1.405  ±  J  6,138 

6.297 

0.223 

0.493 

1.022 

2.075 

0.028 

-9.244 

0.075 

+0.0061 

-113.5 

0.80 

S.  L. 

-1.509  ±  j  6.087 

6.272 

0.241 

0.459 

1.033 

2.247 

0.018 

-10.053 

0.069 

+0.0094 

-73.8 

0.261 

20,000 

-0.379  ±  j  2.239 

2.271 

0.167 

1.827 

2.80 

1.536 

0.611 

-1.448 

0.478 

-0.0191 

36.3  ; 

NOTE:  T2  is  indicated  by  a  negative  value 
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TABLE  3.10  (Continued) 


M 

Altitude 
~  ft. 

Roots  of 
Characteristic 
Equation 

u> 

n 

~rad/sec 

* 

Tl/2 
or  T2 

~  sec 

P 

~sec 

l/Cl/2 

-1/ 

cycles 

0/ve 

~deg/ 

ft/sec 

0.40 

20,000 

-0.433  ±  j  2.974 

3.006 

0. 144 

1.600 

2.11 

1.320 

0.330 

-2.305 

0.300 

-0.0063 

110.0 

0.60 

20,  000 

-0.603  ±  j  4.254 

4.296 

0.140 

1.149 

1.48 

1.286 

0.139 

-3.563 

0.194 

+0.0029 

-239.0 

0.75 

20,  000 

-0.699  ±  J  4.281 

4.338 

0.161 

0.991 

1.46 

1.481 

0.061 

-4.637 

0.150 

+0. 0063 

-110.0 

0.80 

20,000 

-0.761  ±  J  4.287 

4.354 

0.175 

0.911 

1.46 

1.609 

0.033 

-5.031 

0.138 

+0.0096 

-72.2 

0.411 

40,000 

-0.307  ±  j  2.663 

2.681 

0. 115 

2.257 

2.36 

1.045 

0.842 

-0.943 

0.735 

-0.052 

13.3 

0.60 

40,000 

-0.299  ±  j  3.011 

3.026 

0.099 

2.317 

2.08 

0.901 

0.306 

-1.572 

0.440 

+0.0028 

-247.0 

0.75 

40,000 

-0.327  ±  J  2.933 

2.951 

0.111 

2.117 

2.14 

1.012 

0.138 

-2.040 

0.340 

+0.0083 

-83.5 

0.80 

40,000 

-0.350  ±  j  2.968 

2.989 

0.117 

1.981 

2.11 

1.068 

0.113 

-2.216 

0.313 

+0.0095 

-73.0 

NOTE:  T2  is  indicated  by  a  negative  value. 
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Roots  of 

U) 

V  Altitude  Characteristic  n 

~  KTS  ~ft.  Equation  ~rad/sec  | 

94.6  -0.267  ±  j  1.896  1.915  0.1- 


115.0 


150.0 


180.0 


1 1/2 
or  Tn 


-0.267  ± j  1.896 

1.915  0.140 

2.595 

-1.918 

0.361 

-0. 0264 

26.2 

-0.270  ± j  2.004 

2.022  0.134 

2.567 

-2.234 

0.310 

-0.0292 

23.7 

-0.336  ±  j  2.280 

2.305  0.146 

2.065 

-2.806 

0.247 

-0.0317 

21.8 

-0.393  ±  j  2.582 

2.612  0.151 

1.763 

-3.345 

0.207 

-0.0279 

24.8 

1/cl/2 

*/ve 

P 

~1/ 

~  deg/ 

~sec 

cycles 

ft/sec 

3.32 

1.277 

0.610 

3.14  1.221  0.459 


2.76  1.335  0.310 


2.44  1.380  0.232 


NOTE:  T2  is  indicated  by  a  negative  value. 


TABLE  3.11 


Results  of  Lateral-Directional  Dynamic  Stability  Investigations 

9200  Pounds 
eg  at  F.S.  246.0 
ARDC  Standard  Atmosphere 
Elastic  Airframe 
Controls  Fixed 


M 

I 

Altitude 

-ft. 

Roots  of 
Characteristic 
Equation 

CO 

n 

—  rad/sec 

t 

Tl/2 

or  t2 
-sec 

P 

—sec 

VCi/2 

-1/ 

cycles 

4>/ve 

-deg/ 

ft/sec 

0.60 

0 

-1.093  ±  j  6.597 

5.702 

0.192 

0.634 

1.120 

1.770 

0.067 

-6.944 

0.100 

+0. 0028 

-247.0 

0.80 

0 

-1.375  ±  j  4.913 

5.101 

0.269 

0.504 

1.278 

2.536 

0.023 

-9.683 

0.072 

+0.0124 

-55.8 

0.60 

20, 000 

-0.563  ±  j  3.961 

4.001 

0.141 

1.231 

1.585 

1.289 

0.125 

-3.514 

0.197 

+0.0028 

-247.0 

0.80 

20,000 

-0.710  ±  j  3.719 

3.786 

0.187 

0.977 

1.690 

1.730 

0.025 

-4.925 

0.141 

+0.0118 

-58.7 

NOTE:  To  is  indicated  by  a  negative  value. 


Results  of  Lateral-Directional  Dynamic  Stability  Investigations 

9200  Pounds 
eg  at  F.S.  246.0 
ARDC  Standard  Atmosphere 
Elastic  Airframe 
Rudder  Free 


'•JUih 


M 

Altitude 

-ft. 

Roots  of 

Characteristic 

Equation 

U) 

n 

-rad/sec 

Tl/2 

orT2 

—  sec 

P 

—  sec 

VC  i/2 

~v 

cycles 

0/ve 

-deg/ 

ft/sec 

0.60 

0 

-1.109  ±  J  5.766 

5.872 

0.189 

0.625 

1.090 

1.743 

0.064 

-6.947 

0.100 

+0.0030 

-231.0 

-35.96  ± j  66.38 

75.4 

.477 

0.019 

0.094 

0.80 

0 

-1.374  ±  j  4.909 

5.098 

0.270 

0.504 

1.280 

2.538 

0.023 

-9.690 

0.072 

+0.0120 

-57.7 

-46.73  ± j  91.42 

102.7 

.455 

0.015 

0.068 

0.60 

20, 000 

-0.573  ±  j  4.078 

4.118 

0.139 

1.210 

1.540 

1.272 

0.119 

-3.515 

0.197 

+0.0029 

-239.0 

-17.78  ± j  47.96 

51.1 

.348 

0.039 

0.131 

0.80 

20,000 

-0.721 ±  j  3.904 

3.967 

0.182 

0.961 

1.608 

1.676 

0.022 

-4.930 

0.141 

+0.0114 

-60.7 

-23.12  ± j  65.61 

69.6 

.332 

0.030 

0.096 

NOTE:  To  is  indicated  by  a  negative  value 


TABLE  3.13 


Results  of  Lateral-Directional  Dynamic  Stability  Investigations 

9200  Pounds 
eg  at  F.S.  246.0 
ARDC  Standard  Atmosphere 
Elastic  Airframe 
Ailerons  Free 


<5  f  =  0° 


M 

Altitude 

-ft. 

Roots  of 
Characteristic 
Equation 

o>_ 

n 

—  rad/sec 

l 

Tl/2 
or  T2 

—  sec 

P 

-sec 

l/Cl/2 

-1/ 

cycles 

0/ve 

~deg/ 

ft/sec 

0.60 

S.  L. 

-1.095  ±  j  5.597 

5.703 

0.192 

0.633 

1.120 

1.773 

0.0673 

-6.814 

0.102 

+0.0031 

-224.0 

-50.19  ±  j  171.1 

105.6 

.476 

0.014 

0.037 

0.8 

S.  L. 

-1.376  ±  j  4.914 

5.103 

0.270 

0.504 

1.280 

2.538 

0.0233 

-9.587 

0.072 

+0.0127 

-54.6 

-66.78  ±  j  223.1 

139.0 

.481 

0.010 

0.028 

0.6 

20,000 

-0.565  ± j  3.961 

4.001 

0.141 

1.227 

1.585 

1.293 

0.125 

-3.443 

0.201 

+0.0031 

-224.0 

-24.82  ±  j  118.2 

59.6 

.417 

0.028 

0.053 

0.8 

20,000 

-0.710  ±  j  3.720 

3.787 

0.188 

0.976 

1.688 

1.731 

0.0251 

-4.868 

0.142 

+0.0121 

-57.3 

-33.06  ±  j  154.4 

78.7 

.420 

0.021 

0.041 

NOTE:  T2  is  indicated  by  a  negative  value. 
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4.0 


LIFT  FAN  MODE  CHARACTERISTICS 


4.1  WING  FAN  LIFT  DAMPING  IN  VERTICAL  FLIGHT 

Estimated  lift  damping  in  hovering  vertical  flight  arising  from  the 
change  in  fan  thrust  due  to  axial  inflow  velocity  is  shown  in  Figure  4-1. 
The  variation  of  lift  was  calculated  from  the  1/6  scale  model  coefficients 
of  Figure  4.31  of  Reference  1.  Also  shown  in  Figure  4.1  is  the  esti¬ 
mated  lift  change  due  to  axial  velocity  given  in  Reference  13.  The  non¬ 
linear  nature  of  the  1/6  scale  data  is  believed  to  occur  because  the  fan 
damping  is  relatively  small  compared  with  the  vertical  drag  of  the 
fuselage- wing-tail  and  data  scatter  permitted  only  an  approximate  de¬ 
termination  of  the  character  of  lift  change  with  tunnel  speed. 

4.2  WING  FAN  CONTRIBUTION  TO  ROLL  AND  YAW  DAMPING 

The  estimated  contribution  of  the  wing  fans  to  roll  and  yaw  damping  in 
transition  flight  were  made  inherent  in  the  equations  of  motion  developed 
for  the  Flight  Simulator  without  recourse  to  stability  derivatives.  This 
was  accomplished  by  simulating  the  left  and  right  fans  separately  such 
that  the  local  angle  of  attack  of  each  fan  could  be  determined  as  func¬ 
tions  of  angular  rates  of  the  aircraft. 

For  example,  the  roiling  and  yawing  moments  arising  from  the  angular 
rates  were  expressed  as 


L 


y 

F 


N 


yF  " 


V' 
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and 


w.  , 

_x  A/C-^p 

«  =  tan  - 

L 

U  , 

A/C  +  4»y 


-lWA/C+^yF 
or_  =  tan  - — 


R 


u 


A/C  -tfry. 


A  roll  rate  will,  therefore,  result  in  a  differential  change  in  angle  of 
attack  for  the  left  and  right  hand  wings  and  the  change  in  normal  force 
coefficient  with  angle  of  attack  produces  a  rolling  moment  about  the  plane 
of  symmetry.  An  example  is  illustrated  in  Figure  4.2  for  several  values 
of  vector  angle  and  flight  speed  for  a  constant  level  of  total  fan  thrust. 

Also  shown  in  Figure  4.2  is  the  damping  due  to  the  estimated  theoretical 
lift  damping  given  in  Reference  13.  These  results  indicate  that  the  fans 
alone  account  for  less  than  25%  of  the  total  wing  and  fan  damping  as  esti¬ 
mated  by  the  above  procedure. 

A  change  in  yaw  rate  will  produce  similar  changes  in  longitudinal  force 
resulting  in  a  damping  moment  in  yaw.  Consider  the  case  of  zero  airplane 
angle  of  attack  (w ^  ,  =  0)  and  zero  roll  rate.  A  yaw  rate  now  will  pro¬ 

duce  no  differential  change  in  angle  of  attack  but  changes  in  the  left  and 
right  hand  thrust  coefficient,  T(  J,  and  q8  arise  because  of  the  relative 
change  in  velocity  of  the  two  fans.  The  product  of  the  longitudinal  co¬ 
efficient,  which  varies  with  Tcs,  and  qs  results  in  a  yawing  moment. 

This  yawing  moment  is  due  to  the  momentum  drag  of  the  fans  which  iB  a 
linear  function  of  velocity  and  therefore  independent  of  flight  speed  but 
dependent  on  the  fan  thrust  level. 

From  simple  momentum  theory  it  can  be  shown  that  the  fan  momentum 
drag  variation  with  velocity  is  expressed  by: 


,l/2 

du  F  ooo 


where  T  is  the  static  thrust  per  fan 
ooo 

A^  is  the  area  of  one  fan 
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The  yawing  moment  of  both  fans  is 


2  dD  • 
N  =  -2y  —  * 

F  du 


or 


dN  _  2  dD 

d^  du 


The  theoretical  value  of  dD/du  based  upon  momentum  theory  for  a  fan 
thrust  of  5000  pounds  is  14.7  lb/ft/sec.  From  test  data,  dD/du  was  found 
to  be  9.8  lb/ft/sec.  for  the  same  thrust  level.  Therefore, 


dN 
d  $ 


(  — 

dU  THEORY 


FANS  =  -  5.10 


Figure  4.3  shows  the  yaw  damping  derivative  calculated  for  a  range  of  fan 
thrust  along  with  a  value  determined  from  the  differential  variation  in 
longitudinal  force  coefficient. 


4.3  PITCH  DAMPING  CONTRIBUTION  OF  NOSE  FAN 


Wind  tunnel  test  data  of  Reference  14  indicated  that  the  incremental  nose 
fan  normal  force  coefficient  due  to  axial  flow  with  respect  to  the  model 
could  be  approximated  by 


AC  =  6.25  (l  -  T  \ 
N  V  c  / 

NF 


NF 


This  expression  was  modified  empirically  to  obtain  values  of  the  co¬ 
efficient  at  angles  of  attack  other  than  ±90°  as  follows: 


AC®  =6.25  (l  -T  ®\ 
N  NF  1  0  ' 


Sin  a 


NF 


NF 
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where 


a 


NF 


-1  wa/c-Wnf 

=  tan  - 

UA/C 


The  damping  moment  of  the  nose  fan  is  given  by 


M  ACN  qNFANFXNF 
NF 


where  the  incremental  normal  force  coefficient  varies  with  either  air¬ 
plane  angle  of  attack  or  with  airplane  pitch  rate.  The  damping  moment 
was  evaluated  for  zero  airplane  angle  of  attack  and  for  various  values  of 
pitch  rate  over  a  range  of  transition  flight  speeds  as  shown  in  Figure  4.4. 
The  pitching  moment  calculated  for  the  theoretical  lift  damping  given  in 
Reference  15  is  also  shown  in  Figure  4.4.  The  damping  moment  based 
on  test  data  is  less  than  the  theoretical  value  for  speeds  less  than  those 
associated  with  (3y  =25°  and  greater  than  the  theoretical  for  speeds 
higher  than  this  condition. 


► 
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5.0 


CONCLUSIONS 


In  the  conventional,  clean  airplane  configuration,  the  longitudinal  short 
period  mode  meets  the  damping  requirements  of  the  XV-5A  Flying 
Qualities  Specification  throughout  the  flight  envelope.  However,  the 
natural  frequency  of  the  short  period  mode  is  less  than  required  by  the 
specification  at  40,  000  feet  and  for  speeds  less  than  M  =  .  75  at  30,000 
feet,  M  =  0.60  at  20,  000  feet  and  M  =  0.30  at  sea  level.  While  the  low 
natural  frequency  may  be  undesirable  for  a  fighter-type  aircraft,  this 
characteristic  ,  where  it  exists,  should  not  affect  the  utility  of  the  air¬ 
craft  for  its  intended  purpose  or  require  any  unusual  piloting  techniques. 

Freeing  the  controls  reduces  to  a  slight  degree  the  speed-altitude  range, 
wherein  the  short  period  requirements  of  the  Flying  Qualities  Specifica¬ 
tions  are  satisfied  because  of  a  small  reduction  in  natural  frequency  and 
increase  in  damping  ratio. 

Although  longitudinal  static  and  dynamic  stability  are  satisfactory  in 
straight  and  level  flight  for  speeds  up  to  Mach  0.8  at  altitudes  up  to  about 
40,  000  feet,  neutral  static  stability  may  be  encountered  above  Mach  0.  7 
at  lift  coefficients  corresponding  to  high  normal  load  factors.  Deteriora¬ 
tion  in  high  speed,  static  longitudinal  stability  with  increasing  lift  co¬ 
efficient  is  gradual  except  near  Mach  0.8  where  an  abrupt  pitch-up  is 
anticipated  at  the  higher  attainable  load  factors  at  high  altitude. 

The  longitudinal  dynamic  stability  characteristics  in  the  conventional 
flight  landing  configuration  are  satisfactory  for  flight  testing  at  all  flight 
conditions.  Static  longitudinal  stability  becomes  marginal  at  high  angles 
of  attack,  but  the  flight  characteristics  are  satisfactory,  primarily  due 
to  high  pitch  damping. 

The  characteristics  of  the  lateral-directional  oscillation,  or  dutch  roll 
mode,  in  the  clean  airplane  configuration  meet  the  requirements  of  the 
XV-5A  Flying  Qualities  Specification  at  all  speeds  from  15%  above  the 
stall  speed  to  Mach  0.8  at  altitudes  below  about  25,  000  feet.  At  altitudes 
from  25,  000  to  40, 000  feet,  the  requirements  are  satisfied  for  speeds 
above  approximately  Mach  0.7.  At  speeds  below  about  Mach  0.6,  at 
altitudes  above  25,  000  feet,  the  relative  magnitude  of  the  rolling  motion 


to  sideslipping  in  the  dutch  roll  mode  increases  with  little  change  in  damp¬ 
ing  as  a  result  of  increasing  dihedral  effect  at  high-angles  of  attack.  This 
characteristic  is  common  at  high  altitude  and  low  speed  for  aircraft  with¬ 
out  artificial  damping,  and  is  not  expected  to  affect  the  utility  of  the  air¬ 
craft  for  research  purposes . 

Aeroelastic  and  controls  free  considerations  had  no  significant  effect  on 
the  dutch  roll  characteristics  for  any  of  the  flight  conditions  investigated. 

The  dutch  roll  characteristics  in  the  conventional  flight  landing  configura¬ 
tion  meet  the  requirements  of  the  Flying  Qualities  Specification  at  all 
speeds  above  approximately  120  knots  at  sea  level.  The  dutch  roll  damp¬ 
ing  is  estimated  to  be  only  slightly  less  than  the  requirement  between  95 
and  120  knots. 

The  static  and  dynamic  stability  characteristics  above  Mach  0.8  up  to  the 
structural  speed  limit  of  Mach  0.9  are  unsatisfactory,  due  to  rising  static 
longitudinal  instability,  rapid  loss  in  pitch  damping  and  rapid  loss  of  con¬ 
trol  power  about  all  three  axes. 

Pitch-yaw  coupling  may  result  in  exceeding  the  vertical  and  lateral  limit 
load  factors  during  rapid,  360  degree  rolling  maneuvers  at  high  speeds 
with  rudder  and  elevator  fixed.  Prolonged  rolling  maneuvers  with  lateral 
control  displacements  up  to  one-half  of  full  throw  at  dynamic  pressures 
less  than  250  to  300  pounds  per  square  foot  only  produce  small  variations 
in  load  factor.  The  effects  of  pitch-yaw  coupling  at  all  flight  conditions 
have  not  been  Investigated  at  the  present  time. 

Deterioration  of  high  speed  static  longitudinal  stability,  with  increasing 
lift  coefficient  and  pitch-yaw  coupling,  requires  that  extreme  caution  be 
exercised  during  initial  flight  test  investigations  of  high  speed  maneuver¬ 
ing  characteristics,  particularly  at  high  altitudes  or  high  normal  load 
factors.  A  center  of  gravity  location  forward  of  Fuselage  Station  243.0 
is  recommended  for  initial  flight  tests  from  the  standpoint  of  longitudinal 
static  and  dynamic  stability  characteristics. 

The  contributions  of  the  wing  fans  to  roll,  yaw  and  vertical  lift  damping 
and  the  contributions  of  the  nose  fan  to  pitch  damping  are  small,  even  at 
low  speeds,  compared  with  the  damping  attributed  to  the  normal  aircraft 
surfaces. 
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6.2 


SYMBOLS  AND  NOMENCLATURE 


General  Symbols 

2  . 

A  Aspect  ratio,  b  /S.  Unsubscripted  symbol  refers  to  wing. 

.  2ttD2  .2 

A  Total  Fan  Area,  — - —  ,  ft 

4 

a  Speed  of  sound,  ft. /sec. 

o 

b  Span,  ft.  Unsubscripted  symbol  refers  to  wing. 

c  Mean  aerodynamic  chord,  ft.  Unsubscripted  symbol  refers  to 
wing. 

Cycles  to  damp  to  one  half  amplitude. 

Drag  coefficient,  D/qS. 

Hinge  moment  coefficient,  HM/qS  c  . 

ref  ref 

Lift  coefficient,  L/qS. 

Rolling  moment  coefficient,  R/qSb. 

Pitching  moment  coefficient,  M/qSS. 

Normal  force  coefficient,  NORMAL  FORCE/qSA  . 

F 

Yawing  moment  coefficient,  N/qSb 


'1/2 


D 


m 

'N 

/ 

n 

.8 


Axial  force  coefficient,  X/q  A  . 

A  F 

C  Sideforce  coefficient,  Y/qSA  . 

Y  F 

D  Drag  force,  lb.  or  fan  diameter,  ft. 


HM  Hinge  moment,  ft.  -lb. 

j  Complex  multiplier,  \f^\ 

L  Lift  force,  lb.  or  rolling  moment,  ft.  -lb. 


1  Distance  from  the  center  of  gravity  to  the  aerodynamic  center  of 
the  horizontal  or  vertical  tail  along  the  stability  X  axis. 

M  Pitching  moment,  ft. -lb.  or  Mach  number. 

N  Yawing  moment,  ft.  -lb. 

P  Period  of  an  oscillatory  motion,  sec. 

p  Angular  velocity  about  the  airplane  X  axis,  radians/sec. 

q  Angular  velocity  about  the  airplane  Y  axis,  radians/sec.  or 

dynamic  pressure,  lb./ft^. 

2  2 

Freestream  dynamic  pressure  ( 1/2  p  V  ),  lb. /ft  . 

s  2 

q  Slipstream  dynamic  pressure,  (q  +  T  /  A),  lb. /ft  . 

o  000  F 

R  Rolling  moment,  ft-lb. 

r  Angular  velocity  about  the  airplane  Z  axis,  radians/sec. 

2 

S  Reference  area,  ft  .  Unsubscripted  symbol  refers  to  wing. 
Control  surface  areas  are  aft  of  the  hinge  line. 

T  Static  fan  thrust  or  turbojet  installed  net  thrust,  lb. 

T  Wing  fan  static  normal  force  with  /3  =  0  °,  B  =  0  °,  V  =  0,  lb. 
000  vs 

Time  to  damp  to  one  half  amplitude,  sec. 

T  Time  to  double  the  amplitude  for  an  unstable  oscillation,  sec. 

2 

u  Velocity  along  the  airplane  X  axis,  ft.  /sec. 

U  Freestream  velocity  along  the  flight  path,  ft. /sec. 
o 

V  Freestream  velocity  along  the  flight  path,  ft. /sec. 
v  Velocity  along  the  airplane  Y  axis,  ft. /sec. 

w  Velocity  along  the  airplane  Z  axis,  ft. /sec. 
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x  Distance  from  the  airplane  center  of  gravity  along  the  airplane 
X  axis,  ft. 

x^  Distance  from  the  aileron  hinge  line  to  the  0. 25  MAC  of  the 
aileron  tab,  ft. 

y  Distance  from  the  plane  of  symmetry  along  the  airplane  Y  axis,  ft. 
Y  Sideforce,  lb. 

Z  Distance  from  the  center  of  gravity  along  the  airplane  Z  axis,  ft. 


Greek  Symbols 


o '  Angle  of  attack,  degrees  or  radians. 

P  Sideslip  angle,  degrees  or  radians. 

P  Wing  fan  exit  louver  angle,  degrees.  Measured  between  louver 

aft  surface  tangent  plane  and  a  plane  parallel  to  fan  axis,  positive 
trailing  edge  aft. 

P  Exit  louver  stagger  angle,  measured  between  any  even  numbered 
louver  and  the  adjacent  odd  numbered  louver,  i.e. ,  P  =  P  -  P 

8  dt  1 

where  P  is  the  most  forward  and  alternate  louver. 

P  Exit  louver  vector  angle  determined  from  the  average  angle 

V  P+P 

2  1 

formed  by  adjacent  louvers,  i.e.,  P  =  — - - 


6  Flap  or  control  surface  deflection,  degrees  or  radians.  Trailing 

edge  down  positive;  rudder  deflection  positive  trailing  edge  left. 

€  Downwash  angle  at  the  horizontal  tall,  degrees. 

7]  Dynamic  pressure  ratio  at  the  horizontal  tail,  Q^/qq- 

3 

p  Air  mass  density,  slug/ft 

a  Sidewash  angle  at  the  vertical  tail,  degrees;  (o^  =  -  p  -  a). 
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I  Fraction  of  critical  damping,  e.  g. ,  damping  ratio. 
<t>  Airplane  euler  roll  angle,  degrees  or  radians. 

6  Airplane  euler  pitch  angle,  degrees  or  radians. 
ip  Airplane  euler  yaw  angle,  degrees  or  radians. 

A  Sweep  angle  of  the  wing  quarter  chord  line. 

u>q  Natural  frequency  of  oscillation,  radians  /sec. 

T  Outboard  wing  panel  dihedral,  radians. 

Subscripts 
a  Aileron. 

A/C  Complete  airplane, 

ac  Aerodynamic  center. 

CM  Complete  model . 

d  Ailerons,  drooped  as  flaps, 

e  Elevator  or  equivalent  airspeed. 

F  Wing  fans. 

f  Wing,  Inboard  trailing  edge  flaps. 

L  Left  hand. 

M-T  Model  minus  tall. 

NF  Nose  fan. 

NOM  Nominal. 

0  Zero  angle  of  attack,  zero  velocity  or  free  stream. 

OL  Zero  lift. 
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Zero  angle  of  attack. 


Oa 

R  Right  hand, 

r  Rudder, 

s  Wing  stall  or  stagger. 

TR  Trimmed  flight  (Cm  =  0). 

t  Horizontal  tail  or  aileron  tab. 

v  Vertical  tail  or  vector. 

Superscripts, 

s  Slipstream  notation. 

*  Elastic  airframe. 


Abbreviations 

ARDC 

Air  Force  Research  and  Development  Command. 

B.L. 

Butt  line. 

C.G. 

Center  of  gravity. 

C.P.  S. 

Cycles  per  second. 

DEG. 

Degree. 

F.S. 

Fuselage  station. 

FWD 

Forward. 

MAC 

Mean  aerodynamic  chord. 

max 

Maximum . 

RAD. 

Radian. 

S.  L. 

Ser*.  level. 
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W.L. 


Water  line. 


Derivatives 

CD 

u 


ffn 

2  9u 


CD 

a 

0Cd/8  a 

/qc„  \ 

l/RAD 

k 

ch 

e 

q 

8Ch  /B\ 
e 

l2Uo/ 

1  l/RAD 

ch 

e» 

q 

8Ch  /8| 
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e 
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e 
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e 

8C,  /dt 

I  l/RAD 

i 
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I 
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fl 

a 
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hr  \2U0/ 

8C  /b(— \ 
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n 
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r 


C 


h 


t 


P 


9C,  /9 6 
n 

r 


r 
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r 


9C  /9 
h. 
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8C,  /d  a 
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2  8u 
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8C/8 

Lj 


1/RA.D 


8C  /dot 

Li  t 


(Based  on  horizontal  tail  area)  l/RAD 


64B104 


9C_  /da 
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(Vertical  tail  lift  based  on  vertical  l/RAD 
tail  area) 


r 


C 

m 

q 


c 

m 

u 


C 

n 

P 


C 

n 

r 


ac/86 

L  e 

l/RAD 

“<'*(%) 

|  l/RAD 

|  l/RAD 

l/RAD 

dCjd/6  - 

1  l  "L 

6  \  l/RAD 

V 

dC.  /B6 
i  r 

l/RAD 

00  /d(-7tr 
m  ^U# 

2  8u 

j  l/RAD 

9C  /8  a 
m 

l/RAD 

00 

m  \2U0, 

|  l/RAD 

8C  /»« 
m  e 

l/RAD 

*v(^) 

l/RAD 

l/RAD 

100 


ac  /a/3  i/rad 

n 

ac  /afi  i/rad 

n  r 

8Cy/8  (^)  1/RAD 

8C/8(^)  1/HAD 

ac  /a/3  i/rad 

y 

ac  /a 6  i/rad 

y  r 
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6.3 


PHYSICAL  CHARACTERISTICS 


6.3.1  Wing  Geometry 

Dimensions  based  on  a  vertical  projection  onto  a  horizontal  plane. 


Gross  area 

260.321 

sq  ft 

Aspect  ratio 

3.419 

Taper  ratio 

Inboard  panel 

.752 

Outboard  panel 

.394 

Span 

29.833 

ft 

Chord  length 

Root  (BL  0.00) 

145.000 

in. 

At  break  of  quarter  chord  line 

109.005 

in. 

(BL  100.75) 

Tip  (BL  179.00) 

43 . 000 

in. 

MAC 

112.919 

Airfoil  section 

BL  170.05  NACA  0012-64 

a  =  0.8  (modified), 

Cu  =  0.2 

See  tabulated  ordinates  for  other 
sections,  Table  6.3.7 

Dihedral 


Inboard  panel 

0.000 

deg 

Outboard  panel  (from  BL  107.000) 

4.000 

deg 

Sweep 

Leading  edge  -  inboard  panel 

19.660 

deg 

Leading  edge  -  outboard  panel 

36.881 

deg 

Quarter  chord  line  -  inboard  panel 

15.000 

deg 

Quarter  chord  line  -  outboard  panel 

28.343 

deg 

Trailing  edge  -  inboard  panel 

Trailing  edge  -  outboard  panel 

Geometric  twist,  see  page  113- A 

Fuselage  Station  of  root  chord  leading 
edge  (BL  0.00) 

Fuselage  Station  of  .  25  MAC 

BL  of  semi-span  MAC 


0.000  deg 
-5.399  deg 

180.050 

239.380 

75.353 


6.3.2  Aileron  Geometry 


Gross  area  (aft  of  hinge  line,  per  side) 

Aspect  ratio 
Taper  ratio 

Span  (per  side,  perpendicular  to  BL  0.00) 
Span-wise  location 

Chord  length  (aft  of  hinge  line,  parallel 
to  BL  0.00) 

BL  102.50 

BL  179.00 

MAC 


10.057  sq  ft 

4.041 

.836 

6.375  ft 
.573  to  1.000  b/2 

20.622  in. 
17.239  in. 
18.981  in. 


Fuselage  Station  of  hinge  line 


BL  103.61  304.370 

BL  168.43  301.060 

Fuselage  Station  of  .25  MAC  307.249 

BL  of  panel  MAC  139.610 


Deflection  limits  (from  zero  degree 
position) 

,  +15 

with  zero  degrees  droop  deg 


with  +15.0  deg  droop 
(differentially  coupled) 


+27 
-  8 


deg 


64  BIO- 


ftt. 


► 


) 


Type  of  balance  -  Internally  sealed 
pressure  balance. 

Control  -  Full  hydraulic  power 

Aileron  servo,  feel  tab 

(Serves  as  trim  tab  on  left  aileron) 


Area  (aft  of  hinge  line,  per  side) 

0.974 

sq  ft 

Aspect  ratio 

5.545 

Taper  ratio 

.938 

Span  (per  side,  perpendicular  to 

BL  0.00) 

2.324 

ft 

Span-wise  location 

.573  to  . 

728  b/2 

Chord  length  (aft  of  hinge  line,  parallel 
to  BL  0.00) 

BL  102.50  (25%  of  local  aileron 
chord) 

5.155 

in 

BL  130.24  (25%  of  local 
aileron  chord) 

4.870 

in. 

MAC 

5.029 

in. 

Fuselage  Station  of  hinge  line 

BL  102.50 

319.894 

BL  130.24 

317.525 

Fuselage  Station  of  .  25  MAC 

319.942 

BL  of  panel  MAC 

116.387 

Deflection  limits  (tab  gear  ratio 
-.5  to  1.0  per  deg.  of  aileron 
deflection  from  zero  degrees) 

Right  side 

-13.5  to  +9.5  deg 

Left  side  (includes  ±3.0  deg. 

-16.5  to  +12.5  deg 

for  trim) 

Type  of  balance  -  Radius  nose, 
unsealed 


104 


6.3.3 


Flap  Geometry 


Area  (per  side) 

Aspect  ratio 
Taper  ratio 

Span  (per  side,  perpendicular  to  BL  0.00) 
Span-wise  location 
Chord  length 
BL  24.75 
BL  101.75 
MAC 

Fuselage  Station  of  hinge  line 
WL  of  hinge  line 
Fuselage  Station  of  .  25  MAC 
BL  of  panel  MAC 
Deflection  limits 

Type  of  flap  -  single  slotted  with  a 
NACA  634-021  modified  airfoil 
section  (see  tabulated  data  for 
ordinates,  Table  6.3.8) 

6.3.4  Fan  Geometry 

Rotor  area  (per  wing  fan,  including  hub) 
Rotor  diameter 

Fuselage  Station  of  fan  center  line 
BL  of  fan  center  line 
Vane  deflection  limits 
Simple  vector 
Simple  stagger 


12.684  sq  ft 
3.246 
1.000 
6.417  ft 
.138  to  .568  b/2 

23.721  in. 
23.721  in. 
23.721  in. 
308.150 
92.580 
307.259 
63.250 

0. 0  to  +45. 0  deg 


21.305  sq  ft 
5.208  ft 
256.000 
61.000 

-7.5  to  +50.0  deg 
13.0  to  37.0  deg 


6.3.5 


Horizontal  Tail  Geometry 


Dimensions  based  on  a  vertical  projection  onto  a  horizontal  plane. 

Gross  area 

52.864 

sq  ft 

Aspect  ratio 

3.288 

Taper  ratio 

.466 

Span 

13.183 

ft 

Chord  length 

Root  (BL  0.00) 

65.640 

in. 

Tip  (BL  79. 10) 

30.600 

in. 

MAC 

50.245 

in. 

Airfoil  section 

NACA  64 A0 12 

Dihedral 

0.000  deg 

Sweep 

Leading  edge 

19.519 

deg 

Quarter  chord  line 

13.697 

deg 

Trailing  edge 

-5.058 

deg 

Incidence  limits  at  root  chord  relative 
to  fuselage  reference  plane  (WL  100.00) 

+20.0  to 

-5.0  deg 

Fuselage  Station  root  chord  leading  edge 
(WL  206.00) 

468.560 

Fuselage  Station  of  .25  MAC  (WL  206.00) 

493.439 

BL  of  panel  MAC 

34.749 

Fuselage  Station  of  horizontal  tail  pivot 
point  (WL  201.25) 

496.700 

Tail  length  coefficient  -  Distance 
between  wing  .25  MAC  and  horizontal 
tail  .25  MAC  parallel  to  fuselage  ref¬ 
erence  plane  (WL  100.00)  divided  by  the 
wing  MAC 

2.250 
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Elevator 


Area  (aft  of  hinge  line,  per  side) 
Aspect  ratio 
Taper  ratio 

Span  (per  side,  perpendicular  to 
BL0.00) 

Span-wise  location 

Chord  length  (aft  of  hinge  line, 
parallel  to  BL  0.00) 

BL  4.26 

BL  69.91 

MAC 

Fuselage  Station  of  elevator  hinge 
line  (WL  206.00) 

Fuselage  Station  of  .  25  MAC 
(WL  206.00) 

BL  of  pfr’el  MAC 

Deflect. on  ilmits 

Type  of  balance  -  Internally  sealed 
pressure  balance 


5.985  sq  ft 
5.001 
.638 

5.471  ft 
.054  to  .884  b/2 


16.033  in. 
10.224  in. 
13.343  in. 
517.790 

521.126 


34.664 


±25.0  deg 


6.3.6  Vertical  Tail  Geometry 

Dimensions  based  on  a  horizontal  projection  onto  a  vertical  plane. 


Gross  area  (excluding  dorsal) 

50.995 

sq 

Aspect  ratio 

1.178 

Taper  ratio 

.520 

Span 

7.750 

ft 

Chord  length  (parallel  to  WL  100.00) 

Root  (WL  113.00) 

103.920 

in. 

Tip  (WL  206.00) 

54.000 

in. 

MAC 

81.590 

in. 

64B104 


Airfoil  section 


NACA  64A  (012)  -  016.5 
NACA  64A  (012)  -013 


WL  113.00 
WL  206.00 

Sweep 


Leading  edge 

35.435 

deg 

Quarter  chord  line 

30.000 

deg 

Trailing  edge 

9.918 

deg 

Fuselage  Station  of  root  chord  leading 
edge  (WL  113.00) 

408.450 

Fuselage  Station  of  .25  MAC 

458.451 

WL  of  MAC 

154.600 

Tail  length  coefficient  -  Distance 
between  wing  .25  MAC  and  vertical 
tall  .25  MAC  parallel  to  fuselage 
reference  plane  (WL  100,00)  divide’ 
by  the  wing  MAC 

1.940 

Rudder 

Area  (aft  of  hinge  line) 

6.395 

sq  ft 

Aspect  ratio 

4.228 

Taper  ratio 

.674 

Span  (parallel  with  hinge  line) 

5.200 

ft 

Chord  (aft  of  hinge  line,  perpendicular 
with  hinge  line) 

Root  (18%  of  local  vertical  tail 
chord) 

17.634 

in. 

Tip  (18%  of  local  vertical  tail 
chord) 

11.882 

in. 

MAC 

14.945 

in. 

Sweep  of  rudder  hinge  line 

15.184 

deg 

Fuselage  Station  of  root  chord  at 
hinge  line 

496.132 

WL  of  root  chord  at  hinge  line 

122.072 
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Fuselage  Station  of  tip  chord  at 
hinge  line 

WL  of  tip  chord  at  hinge  line 

Fuselage  Station  of  .25  MAC 

WL  of  .25  MAC 

Deflection  limits 

Type  of  balance  -  Internally 
sealed  pressure  balance 

Rudder  trim  tab 

Area  (aft  of  hinge  line) 

Aspect  ratio 

Taper  ratio 

Span  (parallel  to  rudder  hinge  line) 

Chord  (aft  of  hinge  line,  perpendicular 
to  rudder  hinge  line) 

Root  (25%  of  local  rudder  chord) 

Tip  (25%  of  local  rudder  chord) 

MAC 

Sweep  of  rudder  trim  tab  hinge  line 

Fuselage  Station  of  root  chord  at 
hinge  line 

WL  of  root  chord  at  hinge  line 


512.475 

182.293 
507.378 
149.248 
±25.0  deg 


.  714  sq  ft 
6.057 
.870 

2.080  ft 

4.408  in. 
3.833  in. 
4.128  in. 
11.451  deg 
508.896 

118.608 


Fuselage  Station  of  tip  chord  at  hinge  line  513.768 
WL  of  tip  chord  at  hinge  line  143. 147 

Fuselage  Station  of  .25  MAC  512.271 

WL  of  .25  MAC  130.322 


Deflection  limits  ±10.0  deg 

Type  of  balance  -  Radius  nose, 
unsealed 


Three  View  -  XV-5A 


6.3.7  Wing  Airfoil  Ordinates 

(Station  and  Ordinates  Given  in  Percent  of  Local  Chord) 

BL  =  25.000*1)  BL  =  40.000(1) 


Station 

Ordinate, 

Ordinate 

Upper 

Lower 

Surface 

Surface 

0.961 

1.132 

-0.977 

3.806 

2.109 

-1.712 

8.426 

3.113 

-2.396 

14.645 

4.068 

-2.962 

22.222 

4.971 

-3.642 

30.866 

5.695 

-3.851 

40.246 

6.203 

-4.079 

50.000 

6.395 

-4.197 

59.754 

6.136 

-4.189 

69.134 

5.438 

-3.844 

77,778 

4.446 

-3.153 

85.355 

3.136 

-2.183 

91.574 

1.837 

-1; 286 

96.194 

0.845 

-0.588 

99.039 

0.206 

-0.154 

BL  =  51.364  ^ 

Station 

Ordinate, 

Ordinate, 

Upper 

Lower 

Surface^2) 

Surface 

0.961 

1.313 

-1.152 

3.806 

2.518 

-2.289 

8.426 

3.600 

-2.992 

14.645 

4.566 

-3i 624 

22.222 

5.455 

-4.266 

30.866 

6.158 

-4.563 

40.246 

6.561 

-4.686 

50.000 

6.629 

-4.737 

59.754 

6.245 

-4.603 

69.134 

5.479 

-4.105 

77.778 

4.421 

-3.284 

85.355 

3.079 

-2.250 

91.574 

1.800 

-3.310 

96.194 

.805 

-0.584 

99.039 

.192 

-0. 142 

Ordinate, 

Lower 

Surface 

-1.086 
-2.047 
-2.677 
-3.236 
-3.828 
-4.246 
-4.409 
-4.498 
-4.422 
-3 . 993 
-3.225 
-2.218 
-1.292 
-0.584 
-0.145 


BL  =  59.100^) 

Station 

Ordinate, 

Ordinate 

Upper 

Lower 

Surface  $) 

Surface 

0.961 

1.323 

-1.170 

3.806 

2.579 

-2.386 

8.426 

3.780 

-3.280 

14.645 

4.786 

-3 . 995 

22.222 

5.626 

-4.552 

30.866 

6.296 

-4.786 

40.246 

6.667 

-4.883 

50.000 

6.883 

-4.907 

59.754 

6.279 

-4.730 

69.134 

5.492 

-4.189 

77.778 

4.420 

-3.325 

85.355 

3.067 

-2.276 

91.574 

1.795 

-1.320 

96.194 

0.807 

-0.589 

99.039 

0.196 

-0.145 

Station 

Ordinate, 
Upper 
Surface ^ 

0.961 

1.285 

3.806 

2.356 

8.426 

3.350 

14.645 

4.284 

22.222 

5.171 

30.866 

5.944 

40.246 

6.418 

50.000 

6.530 

59.754 

6.204 

69.134 

5.462 

77.778 

4.437 

85.355 

3.106 

91.574 

1.820 

96.194 

0.818 

99.039 

0.198 

Notes:  (1)  Leading  edge  radius  =  1.25  in.  (2)  Excluding  door  fairing. 


(Slation  and  Ordinates  Given  in  Percent  of  Local  Chord) 


BL  =  75.  000^ 

BL  =  85.000*1) 

Slation 

Ordinate, 

Ordinate, 

Station 

Ordinate, 

Ordinate, 

Upper 

Lower 

Upper 

Lower 

Surface^) 

Surface 

Surface^) 

Surface 

0.  961 

1.238 

-1. 150 

0.961 

1.352 

-1.264 

3.806 

2.  656 

-2.  588 

3.806 

2.  835 

-2.787 

8.426 

4.  199 

-3.  976 

8.  426 

4.379 

-4.296 

14. 645 

5.  262 

-4.796 

14. 645 

5.  539 

-5.264 

22.  222 

6.  006 

-5. 135 

22.  222 

6.228 

-c.487 

30.866 

6.  573 

-5.262 

30.866 

6.738 

-5.  556 

40.246 

6.  860 

-5.312 

40. 246 

6.996 

-5. 583 

50.000 

6.  810 

-5.278 

50.000 

6.865 

-5.  504 

59.754 

6.  336 

-4.  999 

59.754 

6.350 

-5. 173 

69.  134 

5.  515 

-4.365 

69.  134 

5.  513 

-4.  479 

77.778 

4.  390 

-3. 414 

77.778 

4.361 

-3.463 

85.355 

3.  042 

-2.331 

85.355 

2.  992 

-2.355 

91.574 

1. 776 

-1.350 

91.  574 

1.762 

-1.369 

96. 194 

0.  798 

-0.609 

96.  194 

0.802 

-0. 628 

99.  039 

0.  203 

-0. 152 

99.039 

0.200 

-0. 157 

BL  =  90.000^) 

BL  =  100. 75^) 

Station 

Ordinate, 

Ordinate, 

Station 

Ordinate, 

Ordinate, 

Upper 

Lower 

Upper 

Lower 

Surface^ 

Surface 

Surface 

Su  rface 

0.  961 

1. 374 

- 1 . 294 

0.  961 

1. 410 

-1.363 

3.806 

2.  916 

-2.850 

3.  806 

3.  052 

-2.847 

8.426 

4.  467 

-4.388 

8.  426 

4.  693 

-4.  267 

14. 645 

5.  660 

-5.487 

14.  645 

6.  029 

-5. 436 

22.222 

6.  329 

-5.  682 

22. 222 

6.706 

-6.  108 

30.  866 

6.  817 

-5.735 

30.  866 

7.  105 

-6. 141 

40.246 

7.034 

-5.739 

40. 246 

7.254 

-6.  10  1 

50.000 

6.  896 

-5. 638 

50.000 

7.050 

-5. 927 

59.754 

6.  364 

-5.  265 

59.754 

6.  465 

-5.  436 

69.  134 

5.  513 

-4. 538 

69.  134 

5.575 

-4. 629 

77.778 

4.  343 

-3.501 

77.778 

4.360 

-3. 543 

85.355 

2.  978 

-2.375 

85.  355 

2.  977 

-2.393 

91. 574 

1.746 

-1. 400 

91.574 

1.744 

-1. 400 

96.  194 

0.  797 

-0. 638 

96.  194 

0.793 

-0. 640 

99.039 

0.  196 

-0. 163 

99.039 

0.  204 

-0. 166 

Notes: 

(1)  Leading  edge  radius  - 

1.  25  in. 

(2)  Excluding  door  fairing. 
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(Station  and  Ordinates  Given  in  Percent  of  Local  Chord) 


BL  =  105. 000$) 

BL  =  no.  ooo*3) 

Station 

Ordinate, 

Ordinate, 

Station 

Ordinate, 

Ordinate 

Upper 

Lower 

Upper 

Lower 

Surface 

Surface 

Surface 

Surface 

0.961 

1.409 

-1.409 

0.961 

1.451 

-1.402 

3.806 

3.065 

-2.866 

3.806 

3.121 

-2.824 

8.426 

4.737 

-4.208 

8.426 

4.780 

-4.118 

14.645 

6.031 

-5.274 

14.645 

6.143 

-5.205 

22.222 

6.803 

-6.150 

22.222 

6.914 

-6.015 

30.866 

7.150 

-6.465 

30.866 

7.215 

-6.489 

40.246 

7.236 

-6.436 

40.246 

7.235 

-6.568 

50.000 

6.969 

-6.217 

50.000 

6.963 

-6.301 

59.754 

6.379 

-5.646 

59.754 

6.385 

-5.634 

69.134 

5.503 

-4.741 

69.134 

5.521 

-4.671 

77.778 

4.341 

-3.551 

77.778 

4.365 

-3.506 

85.355 

2.970 

-2.399 

85.355 

2.992 

-2.370 

91.574 

1.742 

-1.413 

91.574 

1.768 

-1.402 

96. 194 

0.828 

-0.676 

96.194 

0.829 

-0.661 

99.039 

0.247 

-0.209 

99.039 

.256 

-0.217 

BL  =  112. 154  f3) 

BL  =  140.  000$) 

Station 

Ordinate, 

Ordinate, 

Station 

Ordinate, 

Ordinate, 

Upper 

Lower 

Upper 

Lower 

Surface 

Surface 

Surface 

Surface 

0.961 

1.471 

-1.391 

0.961 

1.558 

-1.387 

3.806 

3.174 

-2.797 

3.806 

3.202 

-2.741 

8.426 

4.821 

-4.088 

8.426 

4.734 

-3.885 

14.645 

6.157 

-5.163 

14.645 

5.983 

-4.826 

22.222 

6.921 

-5.962 

22.222 

6.778 

-5.490 

30.866 

7.212 

-6.439 

30.866 

7.166 

-5.884 

40.246 

7.222 

-6.529 

40.246 

7.252 

-5.957 

50.000 

6.946 

-6.253 

50.000 

7.015 

-5.700 

59.754 

6.378 

-5.620 

59.754 

6.463 

-5.115 

69.134 

5.515 

-4.651 

69.134 

5.602 

-4.247 

77.778 

4.354 

-3.485 

77.778 

4.444 

-3.208 

85.355 

2.988 

-2.360 

85.355 

3.103 

-2.222 

91.574 

1.768 

-1.396 

91.574 

1.867 

-1.341 

96.194 

0.798 

-0.637 

96.194 

0.894 

-0.670 

99.039 

0.251 

-0,221 

99.039 

0.276 

-0.223 

Note:  (3) 

Ordinates  outboard  of  BL 

100. 75  are  with  respect  to  the 

dihedral  plane. 


Ill 


ft 


(Station  and  Ordinates  Given  in  Percent  of  Local  Chord) 

BL  =  170. 000(3) 


Station 

Ordinate, 

Ordinate, 

Upper 

Lower 

Surface 

Surface 

0.961 

1.780 

-1.385 

3.806 

3.324 

-2.572 

8.426 

4.590 

-3.403 

14.645 

5.646 

-4.028 

22.222 

6.667 

-4.423 

30.866 

7.043 

-4.669 

40.246 

7.300 

-4.708 

50. 000 

7.142 

-4.471 

59.754 

6.647 

-3.996 

69. 134 

5.769 

-3.339 

77.778 

4.610 

-2.568 

85.355 

3.324 

-1.860 

91.574 

2.077 

-1.159 

96.194 

1.049 

-0.586 

99.039 

0.376 

-0.218 

Note:  (3)  Ordinates  outboard  of  BL  100.75  are  with  respect  to 
the  dihedral  plane. 
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6.3.8 


Wing  Flap  Airfoil  Ordinates 


(Station  and  Ordinates  Given  in  Percent  of  Local  Wing  Flap  Chord) 


Station 

Ordinate, 

Ordinate 

Upper 

Lower 

Surface 

Surface 

0.000 

0.000 

0.000 

0.500 

1.799 

-1.422 

0.750 

2.384 

-1.799 

1.250 

3.305 

-2.217 

2.500 

5.146 

-2.594 

5.000 

8.033 

-2.594 

7.500 

10.292 

-2.552 

10.000 

12.050 

-2.510 

15.000 

14.686 

-2.426 

20.000 

16.569 

-2.343 

25.000 

17.991 

-2.217 

30.000 

18.744 

-2.133 

35.000 

18.912 

-2.050 

40.000 

18.702 

-1.924 

45.000 

17.949 

-1.799 

50.000 

16.820 

-1.673 

55.000 

15.481 

-1.506 

60.000 

13.807 

-1.338 

65.000 

12.092 

-1.171 

70.000 

10.376 

-1.004 

75.000 

8.661 

-0.836 

80.000 

6.945 

-0.666 

85.000 

5.230 

-0.502 

90.000 

3.514 

-0.334 

95.000 

1.757 

-0. 167 

100.000 

0.000 

0.000 

Notes:  (1)  Wing  flap  is  a  constant  airfoil  section  from  EL  24.00  to 
BL  101.75. 

(2)  Stations  and  ordinates  are  with  respect  to  wing  flap  plane. 

(3)  Leading  edge  radious  =  0.63  inches. 
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6.4 


.  JRCRAFT  EQUATIONS  OF  MOTION  -  CONVENTIONAL 
FLIGHT  MODE 


t 


The  complete  airframe  and  control  surface  equations  of  motion  which 
were  used  in  the  analysis  of  the  conventional  flight  mode  dynamic  stability 
are  presented  in  this  Appendix  for  reference  purposes.  It  is  particularly 
desired  to  present  the  control  surface  equations,  as  the  equations  repre¬ 
senting  the  airframe  with  controls  fixed  are  the  same  as  those  derived  in 
Reference  4.  The  controls  fixed  equations  are  presented  herein  only  for 
the  sake  of  completeness.  The  equations  are  programmed  for  solution  by 
digital  computer. 

The  equations  of  motion  are  based  on  small  perturbations  about  a  trimmed 
flight  condition.  The  Initial  trim  condition  assumes  the  aircraft  to  be  in 
straight,  wings  level  flight  with  zero  sideslip.  It  is  also  assumed  that  the 
longitudinal  and  lateral-directional  modes  are  uncoupled  and  therefore 
can  be  treated  separately. 

The  complete  equations  programmed  for  the  longitudinal  mode  are: 

uBX  u+X.w  +  X  w+X  0  +X.  6  -g  (cos  yn)  0 
u  w  w  q  <5  e  '  0 

e 


wBZ  u+Z.w+Z  w+(U+Z  )  0  +  Zx  <5  -g  (sin  6 
u  w  w  0  q  0  e  0 

e 


0"Mu+Mw+M  w  +  M  0  +M*  <5 
u  w  w  q  o  e 

e 


6  +  0  =  H  u  +  —  H  w  +  *7-  H  w  +  H  q  +  H  q  +  H  <5  +H  <5  +  H  <5 

e  e  U  e .  UA  e  e  e.  e:  e  e.  e  e.  c 

u  0  a  0  a  q  q  <5  6  6 

e  e  c 


The  first  three  equations  represent  the  longitudinal  motion  of  the  aircraft 
with  the  elevator  fixed.  The  dimensional  stability  derivatives  in  those 
equations  are  as  defined  in  Reference  4,  except  that  the  u  derivatives  of 
X,  Z  and  M  used  herein  include  the  engine  thrust  terms. 


The  fourth  equation  represents  the  additional  degree  of  freedom  required 
for  the  elevator  free  case.  The  elevator  dimensional  derivatives  are  de¬ 
fined  as: 


H 

e 


u 


K  Cu 

e  h 


u 


H  =K  ol7~ 
e  e  2  U 

q  0 


q 


e 
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H  -K  C. 
e  eh 
a  e 


a 


H  -  K  C. 
e .  e  2U.  h 
q  0  e. 

H  q 


H 


e. 


=  K  C. 
e  h 


e. 


H  *  K  TTT  ck 
e «  e  2Ua  h 

a  0  e . 

a 


H  B  K  -£-C, 
e„*  e  2U.  h 
0  e< 


e 


e 


Where: 


«o  (S5), 


K  =  T 

e  I 


e 


e 


Uq  =  freestream  velocity  at  the  trimmed  flight  condition 

=  freestream  dynamic  pressure  at  the  trimmed  flight 
condition 


(S3)  =  elevator  area  (S)  aft  of  the  hinge  line  and  the  mean  chord 
(6)  with  respect  to  that  area 

I  =  elevator  mass  moment  of  inertia  about  the  hinge  line 
e 


The  term  He^  represents  the  elevator  stick  force  for  determination  of 
the  elevator  free  transfer  functions: 


Where: 


C 


c 


6 

c 


G 

e 


1 

G  qA (Sc) 
e  M0 '  ' e 


elevator  stick  force  (cockpit  control) 

gearing  between  the  elevator  and  cockpit  control  in 
rad.  /ft. 


Solution  of  the  equations  of  motion  for  the  elevator  free,  yields  a  sixth 
order  characteristic  equation  of  motion  in  the  La  Place  complex  opera¬ 
tor,  "s"  as  illustrated  below.  The  coefficients  of  the  characteristic 
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equation  are  determined  by  the  airframe  and  elevator  aerodynamic 
derivatives: 

6  5  4  3  2 

AgS  +  Ags  +  A^s  +  Ags  +A28  +^is+^o8=0 

The  oharaoteristio  equation  for  the  elevator  fixed  case  which  is  obtained 
by  omitting  the  elevator  equation  of  motion  is  a  fourth  order  equation. 

In  addition  to  the  usual  roots  of  the  characteristic  equation  representing 
the  "phugoid"  and  "short  period"  modes,  the  elevator  free  equation  yields 
two  additional  roots  which  represent  the  elevator  motion.  These  latter 
roots  are  generally  a  complex  pair  indicating  an  oscillatory  motion. 

The  lateral-directional  equations  of  motion  solved  by  the  computer  pro¬ 
gram  are: 

/3=YJ3+Y0  +  Y^+Ya6  +Y.6  -  ^  <oos  y  J  <t> 
p  p  rT  o  a  o  r  U  '  0' 

a  r  0 


6  +  ip  =H  6+H  6  +  H  0  +  H  0 

r  rfi  r  r6  r  r0  r0 

r  r  r 


+  H  J/I+H  ii  +  H  0 
r  r .  r 
r  r  p 


i 


Ik 
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&4B104 


I 

■ 


I 


H.  P  +  H,  (3 

‘fl  V 


+  H.  0  +  H.  if  +  H.  0  +  H,  0  +  H.  6 
t  1 1  t  t  *  tk  c 
r  r  p  p  o 


•  • 

6  ■ 

H  +  KH 

6  + 

H.  +  KH. 

6  +  K 

a 

(5,  6 

t  a  . 

a 

t  •  t  • 

V  0 

a 

The  first  three  equations  represent  the  lateral-directional  motion  of  the 
aircraft  with  controls  fixed,  and  the  fourth  and  fifth  equations  are  the 
additional  degrees  of  freedom  required  for  a  free  rudder  and  free  ailerons 
respectively.  The  aileron  equation  written  above  in  terms  of  the  aileron 
tab  derivatives  is  specifically  applicable  to  the  XV-5A  lateral  control  sys¬ 
tem.  The  XV-5A  aileron  is  connected  directly  to  a  servo  hydraulic  actu¬ 
ator,  while  the  cockpit  control  stick  is  linked  directly  to  the  aileron  tab 
and  the  command  valve  of  the  aileron  actuator.  Therefore,  under  normal 
hydraulic  powered  operation,  the  aileron  can  only  be  disturbed  from  its 
equilibrium  position  by  disturbing  the  aileron  tab.  The  ratio  of  aileron 
deflection  to  tab  deflection  is  a  fixed  constant  under  normal  operation  and 
it  was  assumed  in  this  report  that  the  aileron  motion  instantaneously  fol¬ 
lows  the  tab  motion  so  that: 


«• 

6 

a 


=  K<5 


t 


d  6 

-*6 
d6  t 

v 


Therefore,  the  motion  of  the  aileron  can  be  expressed  in  terms  of  the 
disturbed  tab. 


The  usual  aircraft  dimensional  stability  derivatives  in  the  first  three 
equations  are  defined  in  Reference  4  and  the  rudder  and  aileron  tab  de¬ 
rivatives  are: 


H  =  K  C, 
r.  r  h 

o  rx 

r  6 


H  =  K  777“  cu 
r  •  r  2Ua  h 

P  Or, 


H  +  K  CL 
r  r  2Urt  h 
p  Or 


H  =K  777“  C. 

r-  r  2U.  h 
6  0  r.* 

r  6 


H  =  K  777"  C. 
r  r  2Ua  h 
r  Or 


H  =K  — -CL 
r.  r  2U.  h 
p  Or. 

P 


H  =  K  C 
ra  r  h 

P  r, 


H  =  K  — -  CL 
r.  r  2Ua  h 
r  Or. 

r 


H  =  K  C. 
r.  r  h 

6  rx 

c  o 
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H,  =  K  C.  H.  =  K  C 

\  •  \  •*  *\ 


H,  -  K  — -  CL 
t  t2lJ  h 
p  0  t 


°t  Ct 

%  =Kt2iTCh  VKt2lT\ 

**  0  4  0  V 


Ht.  =Kt2u7ch, 

t  0  t . 

p 


Hf  =Ktch 

«  \ 

a  <5 


Ht  =Ktjrch 

r  0  t 


Hf  =  Kt  Ch 
*6  ‘  \ 
C  0 


ct  ct 

Ht  =  Ka  — —  CL  H,  =  K,  — -  C. 

U  t2Un  hf  *•  t2Un  h* 

o  0  t  •  r  0  t 

a  0  r 

a 


Ug  =  free  stream  velocity  at  the  trimmed  flight  condition 

=  free  stream  dynamic  pressure  at  the  trimmed  flight 
condition 


K  =  — - 

r  I 

r 


vs5), 


Kt  =  -r 


(S2)  =  rudder  area  (S)  aft  of  the  hinge  line  and  the  mean  rudder 
chord  (5)  with  respect  to  that  area 

<S5)t  =  area  of  one  aileron  tab  (S)  aft  of  the  tab  hinge  line  and 
the  mean  tab  chord  with  respect  to  that  area 

I  =  rudder  mass  moment  of  inertia  about  the  hinge  line 
r 


1^  =  mass  moment  of  inertia  of  one  aileron  tab  about  the  tab 
hinge  line 
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The  terms  Hr  and  H*. 

r6c  'o 

for  the  elevator: 


are  analogous  to  the  He 

6c 


explained  previously 

j 

'i 


C 


o 


1 

Gr  %  (85) 


r 


\  =0tVsi!>« 

0 

c 

O  =  rudder  to  pedal  gearing  ~  rad.  /ft. 
r 

0  *=  control  stick  to  aileron  tab  gearing  ~  rad.  /ft. 

6^  =  cockpit  control  force  ~  lb. 

Solution  of  the  four  equations  of  motion  for  the  rudder  or  aileron  free 
oases  yields  a  sixth  order  characteristic  equation  in  the  La  Place  opera¬ 
tor  "s"  of  the  following  form: 


8 


<v 


6 


+  A.s 

5 


+  A.s 
4 


♦V 


V 


+  AjS 


+  A0>=# 


The  controls  fixed  solution,  obtained  by  omitting  the  rudder  and  aileron 
equation,  yields  a  fourth  order  characteristic  equatior.  In  addition  to  the 
usual  roots  of  the  lateral -directional  characteristic  equation  representing 
the  "dutch  roll, "  spiral  and  rolling  modes,  the  rudder  or  the  aileron  free 
equation  yields  two  additional  roots,  generally  a  complex  pair,  which 
represent  the  rudder  or  aileron  motion. 
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